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ABSTRACT 


The  effects  upon  the  triaxial  shear  strength  of  a  local  submarginal 
gravel,  brought  about  by  adding  several  different  percentages  of  Portland  cement 
and  lime -fly  ash  admixtures  were  investigated.  The  vacuum  triaxial  testing  pro¬ 
gram  carried  out  to  investigate  these  effects  was  of  a  specialized  nature  in  that 
the  maximum  particle  size  included  in  the  test  specimens  was  3  inches.  This 
resulted  in  the  testing  of  specimens  12  inches  in  diameter  by  24  inches  high.  In 
comparison  to  the  triaxial  tests  performed  on  the  native  gravel,  it  was  found  that 
the  presence  of  the  various  admixtures  investigated : 

(a)  improved  the  workability  of  the  gravel,  especially  the  lime -fly 
ash  admixtures, 

(b)  increased  the  dry  density  of  the  compacted  specimens,  depending 
on  type  and  quantity  of  admixture, 

(c)  decreased  the  Plasticity  Index  of  the  fine  fraction  of  the  gravel, 

(d)  substantially  increased  the  compressive  strength  of  the  material. 
In  degree  of  improvement,  the  Portland  cement  admixture  investigated 
proved  superior  to  the  lime -fly  ash  admixture  on  an  equal  material  cost 
basis. 

Not  included  within  the  scope  of  this  investigation  were  the  effects 
upon  the  strength  and  plasticity  of  the  admixture -aggregate  compositions  resulting 
from  extended  periods  of  cure  coupled  with  the  cyclic  action  of  weathering  agencies, 
as  well  as  the  effects  upon  strength  as  a  result  of  saturating  the  specimens  before 


test. 
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PURPOSE  AND  PREVIEW  OF  INVESTIGATION 

The  chief  purpose  of  this  investigation  was  to  ascertain  the  nature 
and  degree  of  compressive  strength  benefits  resulting  from  the  treatment  of  a  local 
gravel  with  Portland  cement  and  lime-fly  ash  admixtures*  The  gravel  from  this 
particular  deposit  is  typical  of  many  submarginal  gravels  found  in  Alberta  in  that 
it  contains  a  relatively  high  proportion  of  plastic  fines.  The  amount  of  these  fines 
present  and  their  plasticity  characteristics  are  higher  than  the  usual  limits  set  for 
subbase,  base  and  surface  courses  by  most  North  American  highway  agencies.  For 
a  typical  set  of  such  specifications,  see  Appendix  A. 

It  was  hoped  that  chemical  stabilizing  agents  could  be  found  that 
would  economically  increase  the  strength  characteristics  of  this  material  so  that  it 
might  be  usefully  employed  in  subbase  and  base  course  construction  when  better 
sources  of  gravel  become  depleted  or  become  too  far  distant  for  economic  use.  After 
a  survey  of  some  of  the  work  done  in  this  field  and  reported  in  the  literature  on  the 
subject,  it  was  decided  that  Portland  cement  and  lime -fly  ash  would  be  investigated 
as  possible  admixtures  as  they  have  both  been  used  successfully  on  gravels  of  this 
type  elsewhere.  (See  page  133,  biographical  source  11  and  biographical  source  18.) 
The  cement,  lime,  and  fly  ash  are  all  available  in  quantity  locally  and  are  relatively 
cheap,  especially  the  fly  ash  which  is  a  waste  product  of  coal-burning  utility  plants. 

Previous  investigators  have  used  several  different  methods  of 
evaluating  strength  changes  as  criteria  in  comparing  the  effects  of  admixtures. 
Among  these  methods  are  the  triaxial  shear  test,  the  California  bearing  ratio 
test,  (2, 3, 5, 6)  ^  p[veem  cohesiometer  test  (^).  The  usual  type  of  triaxial 

shear  test  employed  was  an  unconfined  test  of  cubes  or  small  cylinders  (1*7,  8,9, 10) 
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rather  than  restrained  tests  These  tests  were  usually  done  on  minus  #4 

sieve  size  material. 

It  was  considered  desirable  for  this  investigation  however,  that  the 
whole  range  of  gravel  sizes  which  might  be  used  in  a  subbase  or  base  course  be  in¬ 
cluded  in  the  strength  tests  so  that  the  effects  of  the  coarser  sizes  would  be  included. 

A  material  simulating  a  minus  3  in.  crush  was  used  for  the  investigation  and  it  was 
concluded  that  the  presence  of  this  size  of  rock  in  a  test  specimen  would  invalidate 
any  semi-empirical,  penetration  type,  strength  tests  (C.B.R.).  Thus  the  triaxial 
shear  test  was  decided  upon  for  use  in  the  investigation.  Since  unconfined  strength 
testing  (triaxial  shear  testing  with  zero  lateral  pressure)  could  not  be  satisfactorily 
carried  out  on  this  granular  material,  vacuum  triaxial  shear  tests  at  three  different 
lateral  pressures  was  the  method  chosen  to  investigate  strength  changes.  This  method, 
though  not  as  readily  carried  out  as  unconfined  tests,  does  give  more  information  and 
is  a  great  deal  more  simple  to  execute  than  positive  pressure  triaxial  tests.  Moreover, 
the  vacuum  triaxial  test  is  well  suited  for  use  in  tests  on  unsaturated  granular  mater - 
iai(14,16)^  such  as  that  used  in  this  investigation.  To  test  this  gravel  triaxially 
meant  that  a  specimen  at  least  12  ins.  in  diameter  by  24  ins.  in  length  would  be  re¬ 
quired,  as  it  has  been  found  that  a  minimum  ratio  of  test  specimen  diameter  to  maxi¬ 
mum  particle  size  of  4  should  be  observed Similarly,  a  ratio  of  height  to  dia¬ 
meter  of  2  is  usually  employed  in  cylindrical  compression  testing.  Special  apparatus 
to  accommodate  the  preparation  and  testing  of  specimens  of  this  size  by  vacuum  tri- 
axial  methods  was  designed  and  constructed. 

A  comprehensive  series  of  classification  and  identification  tests  were 
carried  out  upon  the  materials  to  be  used  in  the  investigation  before  commencing 


with  the  triaxial  testing  program. 


The  physical  labor  which  is  involved  in  processing,  mixing  and 
compacting  triaxial  specimens  of  these  dimensions  is  considerable  as  well  as 
being  time  consuming.  For  these  reasons,  the  scope  of  the  triaxial  shear  in¬ 
vestigation  was  limited  to: 

(a)  one  particular  type  of  gravel, 

(b)  two  different  percentages  of  a  particular  cement  tested  after  a 
specific  period,  i.e.  one  day  cure, 

(c)  two  different  percentages  of  one  particular  lime  and  one  particular 

fly  ash  (the  percentages  of  lime  to  fly  ash  by  weight  remaining  constant), 
tested  after  two  periods  of  cure,  i.e.  no  cure  and  one  week  cure. 

While  not  included  within  the  scope  of  this  investigation,  the  following  considerations 

might  well  prove  worthy  of  future  study: 

(a)  the  effects  of  long-term  cyclic  weathering  action  upon  the  permanency 
of  the  strength  and  plasticity  benefits  derived  by  the  use  of  the  admix¬ 
tures  investigated, 

(b)  the  immediate  and  long-term  effects  upon  the  plasticity  characteristics 
of  the  gravel  resulting  from  incorporation  of  trace  quantities  of  the 
admixtures  investigated, 

(c)  the  effects  upon  the  strength  of  the  admixture -aggregate  compositions 
when  tested  in  a  saturated  condition  rather  than  a  partially  saturated 
condition . 

The  maximum  amount  of  cement  which  was  considered  to  be  econ¬ 
omical  for  use  with  this  gravel  was  5%  by  weight  of  dry  aggregate.  Using  this 
figure,  the  cost  of  Normal  Portland  cement  used  in  a  6  in.  compacted  base  would 
range  from  $  .25  to  $  .28  per  sq.yd.  ($1.50  to  $1.68  per  cu.yd.  compacted)  for 
a  density  range  in  the  compacted  material  of  125  to  140  lbs.  per  cu.ft.  The 
amount  of  lime -fly  ash  which  could  be  used  as  an  admixture  at  comparable  material 
cost  was  found  to  be  3.5%  lime  and  7%  fly  ash  by  weight  of  aggregate.  The  2  :  1 


ratio  of  fly  ash  to  lime  was  decided  upon  from  consideration  of  work  done  else¬ 
where  A  second  test  series  using  reduced  amounts  of  cement  and  lime-fly  ash 
was  used  to  attempt  to  obtain  some  picture  of  the  effect  on  strength  of  the  amounts 
of  admixture  used. 

Lime-fly  ash  rather  than  lime  was  investigated  because  previous 
authors  (^»  ■*■•*•)  have  reported  that  sandy  soils  are  not  too  responsive  to  treatment 
with  lime  alone.  The  fact  that  fly  ash  also  brings  about  a  pozzolanic  action  with 
lime  was  thought  to  be  a  worthwhile  reason  for  using  it  even  though  the  extent  of 
this  pozzolanic  action  would  not  be  too  apparent  after  the  necessarily  short  curing 
periods  used  in  the  investigation. 

Pulverized  quicklime  was  chosen  for  use  rather  than  a  hydrated 
lime  product  because  there  is  nearly  25%  more  active  calcium  oxide  in  the  quick¬ 
lime  .  Bulk  quicklime  is  also  slightly  cheaper  than  bagged  hydrate  on  a  unit 
weight  basis.  These  savings  brought  about  by  the  use  of  quicklime  are  offset 
slightly  by  the  fact  that  the  handling  costs  of  quicklime  are  higher  than  for  hydrated 
lime  because  of  the  precautions  taken  in  handling  it. 

In  an  attempt  to  obtain  close  control  over  the  uniformity  of  grading 
of  the  gravel  in  each  specimen  tested,  so  that  strength  results  would  be  compar¬ 
able,  the  native  gravel  was  split  into  five  size  ranges  and  then  recombined  in  the 
desired  percentages  to  make  up  200-pound  batches  ready  for  the  preparation  of 
the  test  specimen. 

The  usual  curing  period  of  Normal  Portland  cement  stabilized 
specimens  is  seven  days,  but  because  of  the  lack  of  sufficient  12  in.  diameter 
by  24  in.  molds  and  to  achieve  the  necessary  economies  in  time,  the  curing  period 


. 
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was  reduced  to  24  hours.  However,  High  Early  Strength  Portland  cement  was  em¬ 
ployed  rather  than  Normal  Portland  as  it  was  felt  that  the  one -day  strength  of 
material  treated  with  this  type  of  cement  would  be  close  to,  but  slightly  less  than, 
the  seven-day  strength  of  the  same  material  treated  with  a  Normal  Portland 
cem ent  c onform ing  to  the  A .  S .  T .  M .  specifications . 

In  all,  thirty-two  triaxial  tests  were  performed  and  over  6,000  lbs. 
of  processed  gravel  were  required  for  the  investigation. 
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CHAPTER  II 

CLASSIFICATION,  IDENTIFICATION  AND  ANALYSES  OF 
MATERIALS  INVESTIGATED 

Gravel  The  source  of  the  gravel  used  in  the  investigation  was  the  Crawford 

Pit  (SW  33-36-20-4)  near  Stettler,  Alberta.  From  visual  examination  the  material 
could  be  described  as  a  ’’dirty  gravel"  and  gradation  and  plasticity  tests  show  that 
the  material  corresponds  to  the  GF  soil  group  of  the  Casagrande  Airfield  Classifi¬ 
cation  System 

Table  1  shows  the  results  of  the  sieve  and  plasticity  tests  performed 
on  samples  taken  throughout  the  pit  area.  Figure  1  shows  the  average  gradation 
of  the  material  tested  and  the  grading  curve  followed  in  the  investigations  as  well 
as  the  applicable  limits  of  the  American  Association  of  State  Highway  Officials 
grading  specifications. 

Table  11  shows  the  effects  of  the  admixtures  on  the  plasticity  char¬ 
acteristics  of  the  Crawford  fines  used  in  the  strength  investigations.  In  all  the 
plasticity  tests  shown,  the  fines  were  allowed  to  soak  24  hours  at  a  moisture  content 
near  the  plastic  limit.  The  figures  3,  7  and  24  hours  shown  in  the  Table  indicate 
additional  soaking  time  after  the  additive  was  mixed  with  the  fines. 

The  sieve  and  hydrometer  data  sheets  and  the  Atterberg  limit  data 
sheets  which  form  the  basis  for  Table  1,  Figure  1,  and  Table  11  are  contained  in 
Appendix  A.  Excerpts  from  the  A.A.S.H.O.  specifications  are  also  given  in 


that  section. 
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TABLE  1  MECHANICAL  ANALYSES  AND  PLASTICITY 
TESTS  -  CRAWFORD  GRAVEL  PIT 


%  Passing  Designated  Sieve  Atterberg  Limits 

Liquid  Plastic  Plasticity 


Sample  No. 

Oversize 

jr 

1-1/2" 

3/4" 

#4 

#10 

#40 

#200 

Limit 

Limit 

Index 

21194 

10 

100 

91 

69 

31 

17 

9.9 

6.3 

34.5 

18.0 

16.5 

21195 

- 

100 

85 

65 

35 

21 

11 

6.7 

35.1 

23.8 

11.3 

21196 

4 

100 

94 

83 

53 

29 

12 

7.8 

38.7 

19.5 

19.2 

21197 

- 

100 

96 

82 

39 

24 

14 

9.0 

38.0 

19.1 

18.9 

21198 

2 

100 

93 

83 

56 

36 

17 

12.0 

44.9 

23.0 

21.9 

21199 

11 

100 

89 

72 

36 

23 

15 

9.3 

31.2 

17.3 

13.9 

21200 

- 

100 

93 

80 

43 

33 

24 

11.0 

24.8 

15.4 

9.4 

21201 

7 

100 

90 

72 

37 

18 

9.7 

6.4 

39.1 

21.6 

17.5 

21202 

8 

100 

82 

63 

32 

20 

12 

7.8 

38.3 

22.6 

15.7 

21203 

3 

100 

93 

74 

41 

27 

16 

11.0 

40.3 

20.9 

19.4 

21473 

8 

100 

86 

67 

37 

25 

15 

9.5 

32.8 

16.7 

16.1 

21475 

14 

100 

88 

69 

39 

28 

17 

10.2 

32.2 

16.7 

15.5 

Average 

6 

100 

90 

73 

40 

25 

14 

8.9 

35.8 

19.5 

16.3 
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TABLE  11  EFFECT  OF  ADMIXTURES  UPON  PLASTICITY 
OF  CRAWFORD  GRAVEL  FINES 


9 


Liquid 

Plastic 

Plasticity 

Material  Tested 

Limit 

Limit 

Index 

Minus  #40  sieve  sized  material 
(fines) 

40.5 

23.5 

17.0 

Fines  +5%  H.E .  cement 

...  3  hr. 

41.6 

32.5 

9.1 

...  7  hr. 

41.7 

34.9 

6.8 

Fines  +  3.5%  quicklime  and 

7%  fly  ash  ...  24  hr . 

37.4 

33.5 

3.9 

The  specific  gravities  of  the  coarse  and  fine  fractions  of  the 
Crawford  gravel  used  in  the  triaxial  shear  experiments  were  as  follows: 

(see  Appendix  A  for  test  data) 

Specific  gravity  of  +#4  material  =  2.67 
Specific  gravity  of  -  #4  material  =  2.69 

In  the  combination  of  60%  coarse,  40%  fine,  the  average  specific  gravity  of  the 
mixture  would  be  2.68.  The  data  for  the  foregoing  tests  axe  shown  in  Appendix  B 
and  the  results  were  used  in  plotting  zero  air  voids  curves  in  the  compaction  tests 
as  well  as  in  computing  approximate  figures  for  the  degree  of  saturation  in  the 


triaxial  tests. 
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TABLE  111  RESULTS  OF  COMPACTION  TESTS  ON 

CRAWFORD  MINUS  #4  SIEVE  MATERIAL 


Optimum  Maximum 

Material  Tested  Test  Type  Moisture  Content  Dry  Density 

Crawford  -#4  material  Modified  Proctor  9.0%  131.7  lbs. /cu. ft. 

Crawford -#4  material  with  Modified  Proctor  8.8  133.4 

5%  H .  E .  cement  by  weight 
of  aggregate 

”  1/2  Standard  Proctor  12.0  117.5 

(3  lifts,  12-13-13 
blows) 


Crawford  -#4  material  with  1/ 2  Standard  Proctor  15 . 8 

3.5%  quicklime  and  7.0%  fly  (3  lifts,  12-13-13 
ash  by  weight  of  aggregate  blows) 


109.3 


The  results  of  the  compaction  test  series  which  were  run  are 
shown  in  Table  111.  Modified  Proctor  and  one-half  Standard  Proctor  tests  were 
performed  using  the  various  admixtures  (data  sheets  in  Appendix  A)  and  the 
desired  molding  water  contents  of  the  triaxial  specimens  were  based  upon  the 
optimum  moisture  contents  obtained  in  the  two  tests.  The  figures  arrived  at  for 
the  desired  molding  moisture  contents  of  the  triaxial  specimens  are  thus  nothing 
more  than  ’’guesstimates"  of  the  true  optimums  because  although  the  same  com- 
pactive  effort  per  unit  of  compacted  volume  was  employed  in  preparing  the  triaxial 
specimens  as  would  be  employed  in  one -half  Standard  Proctor  tests,  the  ratio 
of  specimen  diameter  to  specimen  height  was  different,  the  ratio  of  specimen 
diameter  to  maximum  particle  size  was  different,  the  compaction  hammers  were 


different,  i.e. 
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Std.  Proctor  Hammer 

Weight  5.5  lbs . 

Fall  1.0  ft. 

Diameter  of  face  2" 


Hammer  used  to  compact  triaxial 
specimens 

10  lbs. 

2.5  ft. 

3-7/8  ins. 


and  the  compaction  technique  employed  was  different  in  that  for  a  Proctor  test 
a  constant  number  of  blows  is  given  to  each  layer  but  for  the  compacted  triaxial 
specimens  the  number  of  blows  increased  with  each  layer  from  44  to  68  in  an 
effort  to  get  uniform  densities  in  the  seven  layers  used. 

In  spite  of  these  differences,  it  was  felt  that  the  approximate  method 
used  for  determining  the  molding  water  content  for  the  triaxial  specimens  was 
adequate  for  the  purposes  of  the  investigation,  i.e.  not  to  find  absolute  values  of 
maximum  strength,  but  to  compare  strengths  under  equal  conditions  other  than 
admixture . 


Appendix  A  contains  sample  calculations  pertaining  to  the  estimate 
of  desired  molding  water  content  for  the  triaxial  specimens  for  one  of  the  test 
series  carried  out. 


Cement  The  High  Early  Strength  Portland  Cement  used  in  the  investigation 

was  a  local  product  and  the  chemical  and  physical  analyses  of  a  representative 
sample  of  the  material  as  performed  by  the  producer  are  shown  in  Table  IV. 


■ 


TABLE  IV  RESULTS  OF  PHYSICAL  AND  CHEMICAL  TESTS 
ON  THE  CEMENT  USED  IN  THE  INVESTIGATION 


12 


Physical  Tests 

Results 

Fineness  (Blaine) 

4478  cm 2/ gm 

Normal  Consistency 

28.2  % 

Setting  time 

initial 

final 

2h  SO111 

5h  10m 

Compressive  Strength 

1  day 

3  days 

7  days 

2175  psi 

4325 

5900 

Chemical  Composition 

Sio2 

21.09  % 

A12°3 

5.10 

Fe2°3 

2.84 

CaO 

63.93 

MgO 

2.88 

so3 

2.28 

Ignition  Loss 

1.66 

Insoluble 

0.42 

Free  Lime 

0.87 

Tricalcium  Aluminate 

3CaO.Al2Os 

8.7 

(Specifications 

(A.S.T.M.  C150-55  Type  HI) 


not  less  than  45m 
nor  more  than  lC^1 


1700 

3000 


5  Max 
3  Max 
3  Max 
0.75  Max 


15  Max 
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Lime  The  lime  used  in  conjunction  with  fly  ash  for  the  strength  investi¬ 

gations  was  a  pulverized  quicklime  having  the  physical  and  chemical  properties 
shown  in  Table  V.  These  test  results  were  supplied  by  the  producer. 


TABLE  V  RESULTS  OF  PHYSICAL  AND  CHEMICAL  TESTS 
ON  THE  LIME  USED  IN  THE  INVESTIGATION 

Stabilization  Specifications 

Physical  Results  (as  suggested  by  National  Lime  Ass.) 


Fineness 


Passing  100  sieve 

95% 

85% 

Passing  200  sieve 

82% 

Chemical 

Calcium  oxide 

95.75  % 

75%  min.  oxide  content 

Magnesium  oxide 

1.50 

as  calcium  or  calcium - 
magnesium  oxide. 

Iron  &  Aluminum  oxide 

0.38 

— 

Ignition  loss 

1.65 

Insoluble 

0.50 

The  relative  effectiveness  of  a  lime  in  stabilizing  a  material  varies 
with  the  oxide  content  capable  of  reacting  with  the  soil  material  and  hence  the  lime 
requirement  for  quicklime  stabilization  is  lower  than  for  stabilization  with  a  hydrated 
lime  because  of  the  high  percentage  of  calcium  oxide  contained  in  quicklime. 

Fly  Ash  The  fly  ash  used  in  the  lime-fly  ash  investigations  has  the  physical 

and  chemical  properties  shown  in  Table  VI.  The  results  shown  were  obtained  from 


the  chief  user  of  this  particular  fly  adi . 
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TABLE  VI  RESULTS  OF  PHYSICAL  AND  CHEMICAL  TESTS  ON 
THE  FLY  ASH  USED  IN  THE  INVESTIGATION 


Physical 

Results 

Specific  gravity 

1.91 

Fineness 

Passing  50  sieve 

86% 

Chemical 

Silicates 

56.93 

Iron  and  Aluminum  oxides 

27.54 

Calcium  oxide 

7.06 

Magnesium  oxide 

2,04 

Sulphur  trioxide 

0.62 

Ignition  loss 

2.44 

Undetermined 


3.37 
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CHAPTER  HI 

APPARATUS  AND  PROCEDURES  FOR  TRIAXIAL  TESTS 

Apparatus  Shown  on  Plates  I,  U  and  III  in  Appendix  B  are  the  detailed  plans 
for  the  special  equipment  constructed  for  use  in  the  vacuum  triaxial  testing  of 
12  in.  diameter  by  24  in.  high  specimens.  Included  at  the  close  of  Chapter  III 
are  pictures  of  the  equipment  and  some  phases  of  the  triaxial  tests  carried 
out. 

The  following  is  a  list  of  equipment  used  in  conjunction  with  the 
vacuum  triaxial  testing  program . 

(1)  A  Fairbanks  Morse  4,000  lb.  capacity  mechanical  compression 
testing  machine  was  used  for  vacuum  triaxial  tests  1  to  9. 

(2)  A  Tinius  Olsen  30,000  Kgm.  capacity  hydraulic  compression 
testing  machine  was  used  for  tests  10  to  32.  Special  extensions  for  the  uprights 
were  required  to  accommodate  the  height  of  the  test  specimens. 

(3)  A  stable  steel  compaction  table  of  approximately  the  same  height 
as  the  bed  of  the  Tinius  Olsen  machine  facilitated  the  movement  of  the  compacted 
test  specimen  (approximate  weight,  275  lbs.)  into  the  Tinius  Olsen  machine  for 
test. 

(4)  A  vacuum  source  including  a  reservoir  and  a  supply  of  air  lines 
with  quick  coupling  connectors.  The  vacuum  source  used  was  a  single  stage 
vacuum  pump  capable  of  exhausting  nearly  a  full  atmosphere . 

(5)  A  mixer  of  3-1/2  cu.ft.  capacity  was  employed.  This  mixer  was 
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of  the  tilting  drum,  end  discharge  type  and  rotated  at  24  revolutions  per  minute. 
Mixing  was  done  in  all  cases  at  a  tilt  as  severe  (flat)  as  possible  without  dis¬ 
charge  of  material  during  mixing. 

(6)  The  triaxial  specimen  molding  and  testing  equipment,  i.e.  rubber 

lined  split  mold,  top  plate,  bottom  plate,  compaction  guide  sleeve,  compaction 
hammer  (Marshall  hammer  with  12  ins.  added  to  fall),  1,000-lb.  capacity  weigh 
scale,  100-lb.  capacity  scale,  rectangular  metal  box  large  enough  to  transport 
mixed  sample,  rubber  strips  for  attaching  membrane  to  plates,  strain  dial  of  1  in. 
travel  in  0.001  in.  increments,  and  a  20  Kg.  scale  and  pans  for  moisture  content 
determinations . 

Procedure  The  procedures  followed  in  the  various  triaxial  tests  were  as 
follows: 

(1)  In  triaxial  test  #1  a  compactLve  effort  of  55  blows  on  each  of  6  lifts 
delivered  by  a  Modified  Proctor  hammer  was  employed.  The  dry  density  resulting 
from  this  compactive  effort  was  deemed  to  be  too  low  and  the  compact! ve  effort 

in  future  tests  was  increased.  The  number  of  lifts  was  increased  to  7  and  the 
number  of  blows  per  lift  increased  to  an  average  of  56  (44  on  the  first,  48  on  the 
second,  etc.  and  68  on  the  seventh).  The  compaction  hammer  was  also  altered. 
Instead  of  10  lbs.  falling  18  in.  on  a  2  in.  diameter  face,  the  hammer  was  modified 
to  10  lbs.  falling  30  ins.  on  a  3-7/8  in.  diameter  face.  The  larger  face  was  em¬ 
ployed  because  it  was  found  that  it  did  not  degrade  the  gravel  to  the  extent  that 
the  2  in.  diameter  hammer  face  did. 

(2)  In  triaxial  tests  #2  to  #31  the  following  procedures  were  used: 

(a)  The  native  gravel  was  split  into  5  size  ranges  (3  in.  to  3/4  in. ,  3/4  in. 
to  #4,  #4  to  #10,  #10  to  #40,  and  minus  #40).  A  certain  fraction  of  crushed 
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oversize  was  included  in  each  size  range  but  by  far  the  largest  number  of 
crushed  particles  were  in  the  3  in.  to  3/4  in.  range.  Over  6,000  lbs.  of 
raw  gravel  were  processed  in  this  fashion  to  supply  material  for  the  test 
program . 

(b)  The  200-lb.  batches  of  air  dry  gravel  that  were  made  up  for  tri axial 
specimen  molding  had  the  following  composition  (in  accordance  with 
desired  grain  size  curve): 


-3  in.  +  3/4  in. 

54  lbs. 

-3/4  in.  +  #4 

66  lbs. 

-#4  +#10 

30  lbs. 

-#10  +  #40 

22  lbs. 

-#40 

28  lbs. 

200  lbs. 

(c)  The  hygroscopic  moisture  content  of  a  representative  sample  of  the 
minus  #4  sieve  size  material  was  obtained  for  aid  in  determining  the 
quantity  of  water  to  be  added  at  the  mixer  to  arrive  at  the  moisture  content 
desired  in  the  compacted  specimen. 

(d)  The  required  weight  of  admixture  and  water  were  weighed  out  separ¬ 
ately  and  the  gravel  and  admixture  introduced  into  the  mixer . 

(e)  The  mixer  drum  was  lowered  from  the  charge  position  to  the  mixing 
position  and  the  mixer  was  started. 

(f)  The  water  was  then  added  over  a  10- second  interval  and  the  material 
was  allowed  to  mix  for  a  3 -minute  period  before  discharging  into  a  metal 
box. 

(g)  The  sample  was  then  remixed  in  the  box  by  shovel  and  then  the  box 


and  sample  were  weighed. 
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(h)  Before  the  sample  was  mixed,  the  membrane  was  attached  to  the  base 
plate.  The  mold  was  then  placed  carefully  about  both  and  tightened.  The 
rubber  membrane  was  then  brought  up  and  stretched  over  the  top  of  the 
mold  and  a  vacuum  of  0.3  atmospheres  applied  between  the  membrane  and 
the  mold  to  effect  a  smooth,  tight  fit  of  the  membrane  to  the  interior  of 
the  rubber-lined  mold.  The  mold  now  rested  on  the  base  plate  which 
rested  on  the  compaction  table  and  all  was  in  readiness  for  the  start  of 
compaction . 

(i)  The  specimen  was  then  compacted  in  the  mold  in  seven  equal  layers. 

44  blows  were  used  on  the  first  layer  with  the  number  increasing  4  per 
layer  so  that  there  were  68  blows  used  on  the  seventh  layer.  Seven  was 
the  maximum  number  of  layers  possible  with  3  in.  maximum  sized 
particles  in  a  24  in.  high  specimen.  The  compaction  hammer  used  was  a 
Marshall  Compaction  Hammer  with  the  fall  increased  from  18  to  30  inches. 
Before  compacting  the  last  layer,  the  guide  sleeve  was  fitted  onto  the  mold 
to  allow  initial  compaction  of  the  seventh  layer  and  to  prevent,  as  far  as 
possible,  damage  to  the  membrane.  After  one -half  of  the  blows  were 
given  to  the  seventh  layer,  the  guide  sleeve  was  removed  so  that  close 
attention  could  be  given  to  the  last  half  of  the  blows  so  that  the  resultant 
surface  was  relatively  flat  and  in  otherwise  good  shape  to  receive  the  top 
plate . 

(j)  The  top  plate  was  lowered  into  position  and  the  membrane  was  drawn 
up  and  over  this  plate.  A  rubber  strip  was  used  to  tie  it  to  the  plate  and 
a  special  groove  cut  into  the  plate  assisted  in  this  fastening  process. 
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(1<)  The  remainder  of  the  sample  and  the  box  were  weighed  to  determine 
the  weight  of  moist  material  used  in  preparing  the  specimen. 

(l)  In  the  case  of  the  triaxial  tests  on  the  native  gravel  (tests  ^  t0  8,  13,14, 18) 
there  was  no  curing  period  necessary  so  preparations  for  the  triaxial  test 
began  immediately  after  molding,  hi  one  test  series  using  3.5%  quicklime, 

7%  fly  ash  (tests  #20,21,22)  ^  one  test  series  using  2%  quicklime  and 

4%  fly  ash  (tests  #24,25, 26)  no  curing  perioc|  was  used  in  order  to  see  what 

immediate  effects  the  admixtures  had  on  the  strength  of  the  composition. 

For  the  5%  H.E.  cement  test  series  (tests  ^  to  *2,  15  to  17,19,32)  ancj 

also  for  the  2%  H.E.  cement  series  (tests  #29,30,31)  ^  CUring 

periods  were  used.  For  three  separate  triaxial  tests  using  the  lime-fly  ash 
admixtures  (tests  #23,27,28)  curing  periods  of  one  week  were  used  to  get 
some  idea  of  how  great  the  pozzolanic  strength  had  become  in  this  short 
a  period. 

(m)  When  the  specimen  was  ready  to  be  tested,  the  desired  vacuum  (0.3, 

0.6  or  0.9  atmospheres)  was  obtained  in  the  reservoir  with  the  vacuum  pump 
and  the  leads  from  the  reservoir  were  attached  to  the  top  and  bottom  plates. 
With  the  specimen  evacuated  to  the  desired  negative  pressure,  the  mold 
was  stripped  carefully  from  around  the  specimen.  Leaks  in  the  membrane 
were  located  and  repaired  with  small  patches  of  membrane  rubber  and 
special  rubber  cement. 

(n)  When  the  desired  vacuum  could  be  held  constant  on  the  specimen,  the 
specimen  was  manoeuvered  from  the  compaction  table  onto  the  bed  of  the 
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testing  machine  where  it  was  centered. 

(o)  The  strain  dial  was  adjusted  and  the  zero  reading  obtained.  The  length 
of  the  specimen  was  measured  at  90  degree  intervals  and  averaged.  The 
hydraulic  Tinius  Olsen  machine  was  turned  on.  The  bed  of  the  machine 
was  ’'floated"  and  the  machine  zeroed  at  the  range  desired  for  testing. 

The  self-leveling  loading  head  was  then  brought  into  contact  with  the 
specimen  and  the  test  was  started. 

(p)  The  tests  were  of  the  constant  stress  type,  in  that  it  was  attempted  to 
load  the  specimens  to  failure  in  20  minutes  at  a  constant  rate  of  stress. 

(5%  of  the  total  load  would  thus  be  applied  each  minute.)  This  could  be 
accomplished  with  the  mechanical  testing  machine  but  was  much  more 
difficult  to  manage  with  the  hydraulic  machine .  Bibliographical  source  14 
points  out  that  small  changes  in  loading  rates  have  no  significant  effect  on 
results  in  triaxial  tests  on  granular  materials. 

(q)  The  tests  were  continued  until  failure  of  the  specimens.  Failure  was 
evidenced  by  increased  sounds  of  distress  from  the  specimen  and  a  rapid 
increase  in  the  rate  of  strain  at  the  same  or  slightly  reduced  load.  Slight 
bulging  about  the  central  portions  of  the  specimen  was  all  that  could  be 
seen  after  the  specimen  was  removed  from  the  machine  and  the  membrane 
was  peeled  down.  Failed  samples  stood  erect  without  benefit  of  vacuum 
with  no  evidence  of  slumping. 

(r)  About  50  lbs.  of  moist  material  from  each  specimen  was  used  for  a 
moisture  content  determination  of  the  tested  material  and  the  remainder 


of  the  specimen  was  discarded. 
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(s)  This  procedure  was  repeated  for  all  tests  with  only  one  variation. 

In  several  tests  the  seventh  layer  was  too  low  or  too  irregular  for  the 
proper  placement  of  the  top  plate.  In  these  few  cases  a  cushion  of  fines 
was  used  to  properly  seat  the  plate .  This  weight  of  fines  was  included 
in  the  weight  of  specimen. 

3.  Triaxial  test  #32  was  an  unconfined  test  on  a  5%  High  Early  Strength  cement 
and  Crawford  gravel  composition.  A  membrane  was  employed  but  the  specimen 
was  tested  without  benefit  of  vacuum. 


Photo  1.  Tinius  Olsen  30,000  Kgm.  Capacity  Hydraulic 
Compression  Testing  Machine 
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Photo  2.  Fairbanks  Morse  4000  lb.  capacity  Mechanical 
Compression  Testing  Machine 


Photo  3.  Tilting  Drum  Type  Mixer,  Sample  Box  and  Weigh  Scale 


Photo  4 .  Rubber  lined  Split  Mold  With  Top  Plate 
(with  handles)  And  Base  Plate 


Photo  5.  Specimen  Compaction,  Showing  Table ,  Hammer 
and  the  Guide  Sleeve 


Photo  6 .  Specimen  Ready  For  Triaxial  Test 


Photo  7,  Failed  Specimen  With  Vacuum  Leads  Removed 


And  Membrane  Peeled  Down 
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CHAPTER  IV 

TRIAXIAL  TESTING  PROGRAM  RESULTS 

The  results  of  all  vacuum  triaxial  tests  are  shown  in  tabular  form 
in  the  following  tables  (Tables  VILA,  VIIB,  VIIC)  depending  on  admixture.  The 
data  sheets  for  all  triaxial  tests  are  included  in  Appendix  B.  The  results  of  the 
test  program,  with  the  exception  of  test  #1  which  employed  a  different  compaction 
technique,  have  been  presented  in  other  forms  as  well.  Stress-strain  character¬ 
istics  of  the  various  mixtures  tested  are  compared  with  those  of  the  native  gravel 
in  Figures  2A,  2B,  2C  and  2D.  A  comparison  of  stress-strain  characteristics  of 
all  compositions  at  one  restraining  pressure  is  shown  in  Figure  3.  Mohr  circles 
for  some  of  the  various  triaxial  tests  at  failure  are  shown  in  Figures  4A,  4B,  4C, 
and  4D,  and  a  graphical  summary  of  the  rupture  lines  thus  obtained  for  each  test 
series  is  shown  in  Figure  5.  A  plat  of  deviator  stress  at  failure  versus  test 
lateral  restraining  pressure  (Figure  6)  for  the  various  test  series  is  also  shown. 
Figure  7  is  a  plasticity  chart  which  shows  the  results  of  plasticity  tests  run  on 
the  Crawford  gravel  fines  with  and  without  admixtures.  The  data  sheets  for 
these  plasticity  tests  are  included  in  Appendix  A. 
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TABLE  VIIA  RESULTS  OF  TRIXXIAL  TESTS  OF 

CRAWFORD  GRAVEL  (3  in.  max,  size) 


Moist  Dry  Moisture 

Unit  Wt.  Unit  Wt.  Content 


lbs./cu.ft. 

lbs./cu.ft. 

% 

120.0 

115.0 

4.66 

122.6 

118.5 

3.39 

120.2 

116.2 

3.61 

121.0 

116.1 

4.21 

123.4 

118.2 

4.43 

122.0 

117.7 

3.72 

121.5 

116.5 

4.29 

121.6 

117.3 

3.78 

128.6 

122.2 

5.25 

124.0 

118.0 

5.17 

123.5 

117.5 

5.08 

Lateral 

Pressure 
Kgm/ sq.cm. 

Deviator 

Stress  at 
Failure 

Kgm/ sq.cm. 

Strain 

At 

Failure 

% 

0.31 

1.19 

3.56 

0.31 

1.78 

2.15 

0.31 

1.91 

1.26 

0.31 

1.90 

2.43 

0.62 

2.51 

4.02 

0.89 

3.33 

2.77 

0.62 

2.80 

2.80 

0.95 

3.73 

4.00 

0.28 

1.67 

1.16 

0.31 

1.91 

1.00 

0.31 

1.97 

1.98 

V.  ' 
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TABLE  VIIB  RESULTS  OF  TRIAXIAL  TESTS  OF  5%  and  2% 
CEMENT  *  AND  GRAVEL  MIXTURES 


5%  H.  E.  Cement  (24  hr.  cure) 


Test 

Number 

Moist 

Unit  Wt. 
lbs./cu.ft. 

Dry 

Unit  Wt. 
lbs./cu.ft. 

Moisture 

Content 

% 

Lateral 

Pressure 

Kgm/sq.cm. 

De  viator 

Stress  at 
Failure 

Kgm/  sq .  cm . 

Strain 

At 

Failure 

% 

9 

129.7 

123.2 

5.37 

0.31 

5.66 

0.64 

10 

129.6 

123.1 

5.25 

0.62 

10.71 

1.00 

11 

130.0 

123.8 

5.04 

0.93 

11.37 

0.97 

12 

131.3 

125.0 

5.09 

0.96 

11.66 

0.95 

15 

130.5 

124.2 

5.05 

0.31 

7.11 

0.91 

16 

127.8 

122.0 

4.87 

0.94 

8.27 

1.57 

17 

129.3 

122.8 

5.39 

0.62 

7.35 

0.78 

19 

127.2 

120.3 

5.86 

0.96 

9.87 

0.71 

32 

129.8 

123.3 

5.34 

0 

4.55 

0.53 

2%  H.  E. 

Cement  (24  hr.  cure) 

29 

128.8 

122.3 

5.39 

0.31 

4.31 

1.12 

30 

126.9 

120.9 

5.03 

0.62 

5.12 

1.28 

31 

126.6 

120.8 

4.87 

0.93 

6.52 

2.21 

* 


5  and  2 %  by  weight  of  dry  gravel 
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TABLE  VnC  RESULTS  OF  TRIAXIAL  TESTS  OF  LIME -FLY  ASH 
AND  CRAWFORD  GRAVEL  MIXTURES 


3.5%  Quicklime  -  7.0%  Fly  Ash  *  (No  cure) 


Test 

Number 

Moist 

Unit  Wt. 
lbs./cu.ft. 

Dry 

Unit  Wt. 
lbs./cu.ft. 

Moisture 

Content 

% 

Lateral 

Pressure 

Kgm/s-q.cm. 

Deviator 

Stress  at 
Failure 

Kgm.  sq.cm. 

Strain 

At 

Failure 

% 

20 

127.0 

119.8 

5.97 

0.31 

2.94 

1.48 

21 

126.3 

119.4 

5.85 

0.62 

3.71 

1.76 

22 

126.7 

119.9 

5.69 

0.96 

4.95 

3.30 

3.5%  Quicklime  -  7.0%  Fly  Ash  (1  wk.cure) 


23 

126.4 

119.7 

5.72 

0.96 

6.52 

1.29 

28 

125.2 

119.3 

4.99 

0.31 

3.55 

1.34 

2%  Quicklime 

:  -  4.0%  Fly  Ash  (No  cure) 

24 

126.8 

120.2 

5.49 

0.31 

3.02 

1.26 

25 

127.0 

120.5 

5.61 

0.63 

3.74 

1.85 

26 

127.7 

121.3 

5.21 

0.94 

4.96 

3.12 

2%  Quicklime  -  4.0%  Fly  Ash  (1  wk.  cure) 

27  127.9  121.7  5.09  0.93  5.99  1.56 


*  These  percentages  of  admixtures  are  by  weight  of  dry  gravel 
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CHAPTER  V 

DISCUSSION,  CONCLUSIONS  AND  RECOMMENDATIONS 

DISCUSSION 

The  results  obtained  in  this  investigation  indicate  that  the  particular 
admixtures  used  with  the  Crawford  gravel  definitely  improve  the  strength,  worka¬ 
bility  and  plasticity  characteristics  of  this  gravel.  These  results  are  best  illus¬ 
trated  by  Figures  5,  6  and  7.  The  addition  of  5%  High  Early  Strength  Portland 
cement  results  in  one -day  compressive  strengths  which  are  approximately  three 
times  greater  than  the  strength  of  the  native  material  throughout  the  range  of 
lateral  pressures  investigated.  This  can  be  best  seen  from  study  of  Figure  6. 

The  effects  of  the  2%  cement  admixture  after  one -day  cure  are  similar  in  nature 
but  of  smaller  magnitude.  The  increase  in  strength  with  this  admixture  was  about 
twofold  over  the  confining  pressure  range  of  the  test  carried  out.  The  effects  of 
the  various  admixtures  on  the  strain  of  the  compositions  under  test  was  pronounced. 
The  strains  at  failure  were  much  lower  for  the  specimens  containing  admixtures 
and  the  effect  was  the  greatest  for  the  5%  cement  series  when  typical  strains  at 
failure  were  approximately  1/4  of  those  obtained  in  tests  on  the  native  gravel. 

This  is  illustrated  in  Figure  3. 

The  admixtures  of  3.5%  quicklime  and  7%  fly  ash  and  of  2%  quicklime 
and  4%  fly  ash  resulted  in  compressive  strengths  right  after  molding  of  approxi¬ 
mately  one  and  one -half  times  the  magnitude  of  those  obtained  for  the  native 
gravel  over  the  lateral  pressure  range  investigated.  This  illustrates  the  im¬ 
mediate  benefits  of  this  admixture.  After  curing  one  week,  specimens  made  up 
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with  these  admixtures  resulted  in  compressive  strengths  similar  to  those  found 
for  the  2%  cement  admixture  tested  at  one  day,  (i.e.  nearly  twice  the  compressive 
strength  of  the  natural  gravel).  This  shows  a  considerable  increase  in  strength 
after  a  short  curing  period. 

Of  the  nine  triaxial  tests  run  on  5%  cement  mixtures,  considerable 
scattering  of  results  was  obtained  for  those  tests  run  at  the  same  restraining 
pressure.  With  no  checks  available,  the  average  value  for  the  test  results  at 
each  confining  pressure  in  this  series  was  employed.  This  scatter  of  results  in 
the  5%  cement  series  was  not  a  result  of  the  type  of  strength  test  employed  (vacuum 
triaxial)  because  in  the  ten  tests  on  native  gravel,  check  tests  were  obtained  over 
the  pressure  range  used  with  a  negligible  degree  of  scatter. 

It  would  appear  then  that  the  large-scale  triaxial  method  is  an 
excellent  method  of  evaluating  unstabilized  gravel  strengths  and  that  the  test  is 
quite  sensitive  to  the  increased  number  of  variables  present  when  admixtures  are 
included  with  the  gravel.  No  doubt  small  differences  in  moisture  content  of  the 
specimens,  while  not  appreciably  affecting  strength  results  of  tests  run  on  the 
native  gravel,  would  account  for  some  of  the  discrepancies  obtained  in  the  check 
tests  performed  on  the  5%  cement  specimens.  The  deviations  in  strength  results 
which  occur  in  tests  of  concrete  cylinders  made  from  the  same  mix  or  for  that 
matter  from  the  same  batch  help  to  explain  this  scatter. 

The  results  obtained  indicate  that  this  gravel  treated  with  any  of 
the  particular  admixtures  investigated  would  be  more  effective  than  natural  material 
in  supporting  and  distributing  load  over  the  subgrade  of  a  roadway.  The  5%  High 
Early  cement  admixture  tested  at  one  day  showed  the  highest  degree  of  improvement 
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and  these  results  could  be  considered  as  being  indicative  of  those  one  might  obtain 
by  using  a  Normal  Portland  cement  corresponding  to  A.S.T.M.  specifications  rather 
than  High  Early  cement  and  testing  the  composition  at  one  week  instead  of  at  one 
day.  This  one  week  curing  period  would  generally  duplicate  the  length  of  cure  al¬ 
lowed  a  cement-treated  base  in  the  field  before  traffic  uses  it. 

Using  Normal  Portland  cement  from  the  same  manufacturer  as  the 
High  Early  cement  used  in  the  triaxial  tests  would  normally  result  in  higher  strength 
values  at  one  week  than  for  the  High  Early  at  one  day,  i.e. 

H.E.  Cement  Used  Normal  Portland  Normal  Portland 

Av.  1  day  Strength  7-day  Strength  Av.  7  day  Strength  (From  Same 

(From  Table  IV)  A.S.T.M.  Specs.  Supplier  as  for  H.E.  Cement) 

2,175psi  l,800  psimin.  3,700  psi 

From  Figures  2A,  B,  C  and  D  moduli  of  deformation  (slope  of  stress- 
strain  curves)  were  computed  for  the  initial  parts  of  the  curves  or  in  the  upper, 
relatively  straight  portion  of  curves  which  exhibited  reverse  bends. 

These  moduli  of  deformation  were  generally  found  to  increase  with 
the  restraining  pressure  used  in  each  test  series.  Typical  values  obtained  for 
the  various  mixtures  at  the  highest  and  lowest  restraining  pressures  used  for 
each  test  series  were: 


Material 


0.9 


Moduli  of  Deformation 
Atmospheres  0.3  Atmospheres 

Kg. /cm2  Kg.  /cm2 


Native  gravel 

Gravel  and  5 %  cement 

Gravel  and  2%  cement 

Gravel  and  3.5%  lime,  7%  fly  ash 

1  week  cure 
no  cure 

Gravel  and  2%  lime,  4%  fly  ash 

1  week  cure 


6.0 

2.7 

26.7 

10.9 

8.0 

10.4 

9.7 

8.0 

4.6 

4.6 

no  cure 


10.9 

8.6 


5.4 
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These  values  are  quite  rough  indications  of  how  the  various  mixtures 
improve  the  stress-strain  qualities  of  the  original  gravel.  A  deformation  modulus 
higher  in  value  than  that  for  the  original  gravel  indicates  the  degree  to  which  the 
admixture  has  improved  the  native  material  in  terms  of  a  higher  failure  stress  at 
reduced  strain.  Perhaps  it  is  somewhat  more  obvious  from  these  figures  than  a 
visual  inspection  of  Figures  2A,  B,  C  and  D,  that  the  5%  cement  admixture  created 
the  largest  improvement. 

Table  II  and  Figure  7  show  the  beneficial  effects  of  the  admixtures 
upon  the  plasticity  of  the  fines  contained  in  the  Crawford  gravel  and  illustrate  that 
the  effects  produced  by  cement  and  by  lime-fly  ash  admixtures  are  somewhat  dif¬ 
ferent  but  that  both  admixtures  materially  reduce  the  Plasticity  Index  of  the  fine 
material.  The  actual  reduction  in  P.I.  was  found  to  be  dependent  on  the  soil  type, 
the  quantity  of  admixture  and  the  length  of  storage  before  test.  This  agrees  with 
observations  made  by  other  investigators  ^ 3 

The  slopes  of  the  various  rupture  lines  found  by  drawing  best  fit 
lines  (straight  or  curved)  in  Figures  4A,  B,  C  and  D  and  summarized  in  Figure  5 
indicate  that: 

(a)  the  strength  benefits,  immediately  after  molding,  brought  about  by  lime-fly  ash 
admixtures  are  not  so  much  of  increasing  the  rupture  line  slope  but  of  raising  its 
starting  point  (i.e.  increased  unconfined  strength), 

(b)  the  strength  benefits  derived  from  lime -fly  ash  admixtures  are  apparently  only 
partially  dependent  upon  quantity  for  the  initial  strength  increase  but  that  increases 
in  strength  with  time  are  dependent  on  the  quantity  of  admixture  present, 

(c)  the  effects  of  lime -fly  ash  improvements  follow  a  more  straight  line  relation¬ 
ship  than  the  cement- treated  specimens.  The  effects  of  the  cement  seem  to  taper 
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off  at  higher  confining  pressures  (i.e.  the  rupture  line  flattens  out  and  apparently 
approaches  the  slope  of  the  rupture  line  of  the  native  material). 

The  gravel  batches  which  were  treated  with  admixtures  were  much 
more  easily  handled  by  shovel  than  those  batches  mixed  up  for  test  without  benefit 
of  admixture.  Since  these  gravel -admixture  batches  were  at  higher  moisture 
contents  than  the  native  gravel  which  was  tested,  it  shows  the  effect  of  the  ad¬ 
mixture  in  reducing  the  plasticity  of  the  fines.  This  ’’fluffing  up”  or  aggregation 
of  the  material  was  greatest  in  the  lime -fly  ash  admixture  compositions  and  they 
were  the  easiest  to  handle  in  preparing  the  specimens  for  test. 

CONCLUSIONS 

The  following  conclusions  can  be  drawn  from  the  results  obtained 
from  the  testing  program. 

(1)  All  of  the  particular  admixtures  investigated  were  found  to  improve 
the  strength  and  plasticity  characteristics  of  this  particular  gravel  compacted  and 
cured  in  a  particular  manner.  (The  treated  gravel  would  be  superior  to  the  native 
gravel  in  sustaining  load,  resisting  deflection  and  distributing  load  to  the  subgrade.) 
Under  field  conditions,  however,  weathering  action  over  prolonged  periods  could 
possibly  result  in  reductions  to  these  benefits. 

(2)  Since  the  High  Early  Strength  Portland  cement  used  in  this  investi¬ 
gation  led  to  higher  strengths  after  one -day  cure  than  the  3.5%  quicklime  -  7% 
fly  ash  specimens  tested  at  one  week  at  corresponding  lateral  pressures,  it  is 
evident  that  this  admixture  shows  promise  for  future  use  with  Crawford  gravel  or 
gravels  of  this  same  type  when  only  a  short  period,  say  24  hours,  of  curing  is 
possible  for  the  treated  base  before  traffic  must  use  it. 

(3)  Further,  it  can  be  concluded,  since  the  seven-day  compressive 
strength  tests  on  Normal  Portland  cement  are  higher  than  the  one -day  compressive 
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strength  tests  on  the  High  Early  Strength  cement  from  the  same  supplier,  that  the 
use  of  this  Normal  Portland  cement  as  an  admixture  would  lead  to  generally  higher 
results  at  one  week  than  those  obtained  with  High  Early  Strength  cement  at  one  day. 
Hence  on  an  equal  material  cost  basis,  it  is  indicated  that  Normal  Portland  cement 
would  achieve  much  greater  strength  benefits  than  the  lime -fly  ash  admixtures  when 
using  the  seven-day  strength  of  the  compositions  as  a  criterion.  It  is  estimated  that 
the  total  cost  of  treatment  with  5%  Normal  Portland  cement  would  be  somewhat  in 
excess  of  $1.50  per  cu.yd.  (compacted)  over  and  above  the  cost  of  construction  with 
untreated  material.  The  $1.50  figure  mentioned  above  represents  material  cost  only 
and  the  extra  cost  involved  would  depend  upon  admixture  shipment  costs  and  the  dif¬ 
ference  in  mixing  costs  between  the  two  construction  techniques. 

(4)  It  must  be  concluded  from  such  erratic  strength  results  as  were 
obtained  in  the  cement  test  series,  notwithstanding  the  high  degree  of  batching 
control  possible  in  the  laboratory,  that  a  higher  percentage  of  cement  will  have  to 
be  added  in  the  field  to  assure  the  same  average  results  which  are  obtainable  in 
the  laboratory.  The  quantity  of  extra  cement  required  would  depend  on  the  uni¬ 
formity  of  the  gravel  being  treated,  the  type  of  mixing  equipment  available,  weather 
and  construction  methods,  and  the  degree  of  control  exerted  in  the  construction 
operations . 

(5)  Minor  variations  in  the  moisture  content  of  native  gravel  have  little, 
if  any,  effect  on  the  strength  obtained  by  vacuum  triaxial  means  at  the  same  con¬ 
fining  pressure.  These  variations  in  moisture  content  of  specimens  which  include 
admixtures, as  well  as  the  length  of  damp  mixing  time  before  compaction,  do  cause 
scatter  in  the  results  obtained  for  tests  at  the  same  confining  pressure.  This 


effect  was  most  noticeable  for  the  5%  cement  series  as  five  check  tests  were  run 
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in  this  series  without  duplicating  any  of  the  strengths  obtained  previously  at  the 
three  confining  pressures  employed. 

(6)  There  is  a  definite  build  up  in  strength  of  lime-fly  ash  and  gravel 
specimens  with  storage  but  this  pozzolanic  action  was  not  checked  at  long  enough 
intervals  in  this  investigation  to  predict  how  fast  or  how  far  this  strength  does 
increase.  It  is  indicated  that  the  degree  of  strength  build-up  is  dependent  on  the 
quantity  of  admixture  used. 

(7)  Without  definite  strength  criteria  for  base  materials  established  for 
use  with  large  scale  apparatus,  it  is  not  possible  to  say  whether  the  5%  Portland 
cement  admixture  is  sufficient  to  place  the  poor  quality  Crawford  gravel  into  the 
category  of  a  suitable  subbase  or  base  material,  even  with  a  threefold  or  more 
strength  gain  over  the  strength  of  the  native  material.  Because  of  these  strength 
increases,  and  since  this  admixture  reduced  the  plasticity  index  of  the  gravel  to  an 
acceptable  figure,  it  is  the  author fs  opinion  that,  barring  deleterious  time  effects,  the 
treated  gravels  would  perform  most  satisfactorily.  A  test  section  could  substan¬ 
tiate  or  disprove  this  theory. 

(8)  When  compared  to  tests  on  the  Crawford  gravel  fines,  the  effects 
of  the  admixtures  on  the  optimum  moisture  content  and  maximum  day  density  of 

the  Modified  Proctor  compaction  tests  carried  out  were: 

(a)  to  decrease  the  optimum  moisture  content  and  increase  the  maximum 
dry  density  of  cement-treated  samples, 

(b)  to  increase  the  optimum  moisture  content  and  decrease  the  maximum 
dry  density  of  lime -fly  ash  treated  samples. 

These  results  generally  agree  with  results  obtained  by  other  investigations^’ 

In  compacting  the  large  triaxial  specimens  (1/2  Standard  Proctor  compactive  effort) 

it  was  found  that  the  lime-fly  ash  specimens  had  densities  slightly  in  excess  of 
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those  obtained  for  the  native  gravel,  and  that  the  densities  of  the  cement- treated 
gravel  were  higher  than  either . 

RECOMMENDATIONS  FOR  FUTURE  RESEARCH 

(1)  It  is  recommended  that  a  set  of  rupture  lines  for  materials  consid¬ 
ered  as  excellent  subbase,  base  and  surface  course  aggregate  be  obtained  with  this 
large  scale  vacuum  triaxial  equipment.  Hence,  criteria  would  be  available  with 
which  to  compare  the  results  of  tests  on  stabilized  gravels.  In  this  way  it  would  be 
seen  which  sub -marginal  gravels  can  be  economically  treated  so  that  they  would  be 
useable  in  their  stabilized  condition . 

(2)  If  a  great  number  of  these  large  scale  triaxial  tests  were  to  be  under¬ 
taken,  then  it  is  advisable  that  a  different  method  of  compaction  be  devised.  Possibly 
a  larger  version  of  the  vibrating- spring  load  compactor  as  used  elsewhere 

would  be  best  suited  to  this  purpose. 

(3)  The  effects  of  longer  curing  periods  coupled  with  those  of  weathering 
upon  the  permanency  of  the  strength  and  plasticity  benefits  to  the  gravel  resulting 
from  the  use  of  these  admixtures  could  be  investigated.  A  more  complete  investi¬ 
gation  of  admixture  types  and  quantities  for  adequate  reduction  of  plasticity  is  warranted. 

(4)  Work  done  by  Wright  and  Roy(8)  indicates  that,  depending  on  soil 
type,  approximately  15  to  25%  of  the  cement  ordinarily  used  for  cement  stabiliza¬ 
tion  may  be  replaced  by  fly  ash  without  serious  loss  of  strength.  This  represents 
a  considerable  saving  in  the  cost  of  stabilization  and  might  well  be  investigated 

in  the  case  of  submarginal  gravels. 

(5)  Work  could  be  carried  out  with  this  same  gravel,  keeping  the  same 
ratio  of  maximum  sized  particle  to  specimen  diameter ,  with  a  smaller  vacuum 
triaxial  apparatus  (say  5.6  in.  diameter)  in  an  attempt  to  determine  quantitatively 
the  effect  of  the  larger  sizes  on  strength. 
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APPENDIX  A 

GRADING  REQUIREMENTS  FOR  SOIL -AGGREGATE  MATERIALS* 

(Subbase,  Base  and  Surface  Courses) 

A.A.S.H.O.  Designation:  M  147-49 

Types  Type  I  Type  II 

Percentage  by  weight  passing  square  mesh  sieves 


Sieve 

Designation 

Grading 

A 

Grading 

B 

Grading 

C 

Grading 

D 

Grading 

E 

Grading 

F 

2 -inch 

100 

100 

-- 

-- 

-- 

-- 

1-inch 

— 

100 

100 

100 

100 

3/8-inch 

30-65 

40-75 

50-85 

60-100 

--- 

-- 

No.  10 

15-40 

20-45 

25-50 

30-65 

40-100 

55-100 

No.  40 

8-20 

10-25 

12-30 

15-40 

20-50 

30-70 

No.  200 

2-8 

3-10 

4-12 

5-15 

6-20 

8-25 

*Note:  Soil -aggregate  materials  for  surface  course  shall  conform  to  require¬ 
ments  for  Type  I,  grading  C  or  D,  or  Type  II,  grading  E  or  F.  The 
type  and  grading  shall  be  designated.  (Where  it  is  planned  that  the 
soil  aggregate  surface  course  is  to  maintained  for  several  years 
without  bituminous  surface  treatment  or  other  superimposed  impervious 
surfacing,  the  engineer  should  specify  a  minimum  of  8  percent  passing 
No.  200  sieve  in  lieu  of  the  minimum  percentages  shown  in  Table  1  for 
grading  C,  D,  or  E,  and  should  specify  a  maximum  liquid  limit  of  35 
and  plasticity  index  range  of  4  to  9  in  lieu  of  the  limits  given  in 
Section  4  (b).) 

("4b.  The  fraction  passing  the  No.  200  sieve  shall  not  be  greater  than 
two -thirds  of  the  fraction  passing  the  No.  40  sieve.  The  fraction  pass¬ 
ing  No .  40  sieve  shall  have  a  liquid  limit  not  greater  than  25  and  a 
plasticity  index  not  greater  than  6.") 
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It  was  thought  that  one  of  the  better  ways  to  compare  admixtures 
was  to  compute  percentages  of  each  that  would  result  in  the  same  material  cost. 
The  admixture  then  giving  the  greater  strength  increase  would  be  the  better . 

Since  it  was  decided  that  5%  cement  was  the  maximum  quantity 
that  might  be  economically  incorporated  in  a  mixture,  it  was  then  necessary  to 
find  a  combination  of  quicklime  and  fly  ash  which  would  result  in  the  same  cost. 

Using  local  prices,  the  following  analysis  was  carried  out: 

Bulk  Normal  Portland  Cement  (cost/lb.)  =  0.889  cents, 

Bulk  Pulverized  Quicklime  (cost/lb.)  =1.1  cents, 

Fly  Ash  (cost/lb. )  =0.10  cents. 

Now  using  a  figure  of  125  lbs./cu.ft.  as  the  compacted  dry  density 
of  the  cement  stabilized  gravel  and  considering  a  compacted  thickness  of  6  ins.  of 
subbase,  the  cost  of  cement  (material  only)  would  be  : 

4.5  x  125  x  5  x  0.889  =  $  .25  per  sq.yd. 

100 

The  quantity  of  quicklime  and  fly  ash  was  then  found  in  the  following  manner .  The 
dry  density  of  the  compacted  lime -fly  ash,  aggregate  composition  was  assumed  to 
be  120  lbs/cu.ft.  It  was  further  decided  that  a  2  :  1  ratio  by  weight  of  fly  ash  to 
quicklime  would  be  employed. 

Let  x  =  desired  %  of  quicklime, 

then  (4.5  x  120  x_x_)  l.l  +  (2x_  4.5  x  120)  0.1  =  25 
100  100 

Solving,  we  find  that  the  required  amount  of  quicklime  =  3.5%  by 
weight  of  dry  aggregate  and  the  fly  ash  required  is  then  7.0%.  A  3.5%  quicklime  - 
7.0%  fly  ash  mixture  would  result  in  the  same  material  cost  as  5%  Normal  Portland 


cement . 
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SPECIMEN  MOLDING  MOISTURE  CONTENTS 


From  Table  HI,  which  shows  the  results  of  four  test  series,  the 
following  approximate  values  of  molding  water  contents  for  triaxial  specimen 
molding  were  extrapolated. 

(a)  To  obtain  the  optimum  moisture  content  value  for  1/2  Standard 

Proctor  compaction  on  the  -#4  material  alone,  the  same  percentage 

difference  between  the  optimum  moisture  content  for  Modified  and 

1/2  Standard  for  the  fines  and  5%  cement  was  applied  to  the  optimum 

value  found  in  the  Modified  test  on  the  fines  alone. 

i.e.  Moisture  Content  =  12.0  x  9  =  12.3% 

8.8 

(b)  Similarly  the  desired  moisture  content  for  Modified  Proctor  com¬ 
paction  on  the  3.5%  quicklime,  7%  fly  ash  mix  would  be  8.8  x  15.8  =  11.6% 

12.0 

(c)  The  desired  moisture  contents  for  1/2  Std.  compaction  when  employ¬ 
ing  2%  cement  or  2%  quicklime,  4%  fly  ash  then  was  found  in  a  similar 
manner. 


Fines  alone 

Fines  +  2%  cement 

Fines  +  5%  cement 

Fines  +  2%  quicklime 
and  4%  fly  ash 

Fines  +  35%  quicklime 
and  7%  fly  ash 


1/2  Std.  Proctor  Compactions 
Optimum  Moisture  content 

12.3% 


12.3  -  2  x  .3  =  12.2% 

5 


12.0% 


12.3  +  6  x  3.5  =  14.2% 
10.5 


15.8 
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Now  in  planning  on  how  much  water  to  add  to  a  200 -lb.  batch  of 
gravel  containing  80  lbs.  of  -#4  material  and  120  lbs.  of  +#4  material  so  that  the 
fines  would  have  approximately  the  desired  moisture  content  for  the  triaxial  test 
series  being  run,  this  was  the  procedure  followed. 

With  the  5%  cement  test  series,  for  example,  12%  moisture  is 
desired  in  the  fines  during  molding.  The  fines  consist  of  80  lbs.  of  Crawford 
gravel  fines  and  10  lbs.  of  H.E.  cement. 

The  water  required  for  addition  to  the  fines  is  then  .  12  x  90  =  10. 8  lbs. 

Allowing  1.2  lbs.  (1%)  for  absorption  and  surface  water  in  the  coarse 
material  gives  a  total  of  12.0  lbs.  of  water  or  5.71%  by  total  weight  of  aggregate 
and  cement. 

Maximum  compressive  strength,  however,  does  not  usually  occur 
at  the  optimum  moisture  content  for  maximum  dry  density  but  at  a  molding  moisture 
content  slightly  less  than  this  valued.  From  Figure  2  of  bibliographical  source  1 
the  moisture  content  at  maximum  compressive  strength  is  approximately  95%  of 
that  for  maximum  dry  density.  This  figure  when  applied  to  the  optimum  value 
found  above  changes  the  desired  molding  moisture  content  for  the  strength  speci¬ 
mens  from  5.71%  to  5.42%.  Actual  moisture  contents  that  were  measured  after 
test  in  the  5%  cement  series  ranged  from  4.87%  to  5.86%  and  averaged  5.24%  for 
the  eight  tests  carried  out  with  this  additive. 
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UNIVERSITY  of  ALBERTA 
DEP’T-  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

SIEVE  ANALYSIS 


SITE 

SAMPLE 

LOCATION 

C/?4  UJFO&  O  Prr 

HOLE 

DEPTH 

TECHNICIAN 


DAT 


Total  Dry  Weight 
of  Sample 

Sieve 

No. 

Size  of  Opening 

Weight , 
Retained 
gms. 

Total  wV 

Finer  Than 
gms. 

Percent 
Finer  Than 

%  Finer  Than 
Ba£is  Ofrfg. 
sample 

Inches 

Mm. 

Initial  Dry  Weight 
Retained  No.  4 

Tore  No, 

1 

3 

/OO 

Wt.  nry  +  Tare 

/'/% 

3 0 

Ta  re 

3/4 

19-10 

73 

Wt.  Drv 

3/8 

9-52 

4 

•185 

4-76 

Passing 

4 

Jo 

S —  - - 

Initial  Dry  Weight 
Passing  No-4 

Tare  No- 

« 

10 

*079 

2-000 

2S 

1 

20 

•  0331 

•840 

i 

\ 

Wt-  Dry  +  Tar© 

40 

•0165 

*420 

1 

Tare 

6  0 

•0097 

•250 

. —\ 

Wt-  Dry 

100 

•0059 

•149 

1  n 

200 

•0029 

•074 

! 

Passing 

200 

.  .......  ..  ...  _ _ 

1T-rr, 

ZsZ>  (X 

Description  of  Sample 


Method  of  Preparation 


Remarks  A  veracj  e  3 ^  /As  ^  f 


rz 


‘jfev'ti  As? *  A 


Time  of  Sieving 


Of 


Gravel  Sizes 


tr/:,i  faricii  /  fo  0/ r '/  / ere  ^  f"  far  TJ  «  *  P' t 

-  ~=  ~T|7| 


Sand  Sizes 


eve 


SUe 


1  f 

s 

] 

■p  n 

r~ 

J 

T“ 

1 

— 

ILL 

Dio  =- 
Deer- 

CU  =- 

mm 

mm 

\ 

\. 

— 

— 

\ 

\ 

N 

•\ 

1 

X 

L 

:£>g.  u 

f$e.  A/... 

7V0^7/C 

V 

;.9JI 

-  J 

U/L- 

~T 

l 

1 

[7 

n  1 

-Ui  — 

!  ! 

n 

L. 

— 1 — 

1 

.1- 

| 

| 

i 

1  ' .  i. 

L 

L 

100 


10 

Grain  Size-Min. 


Note-.  M  IT-  Grain  Size  Scale 
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UNIVERSITY  of  ALBERTA 
DEP’T*  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

HYDROMETER  TEST 


SITE 

SAMPLE 

—  «*/  O  yf/a  /<*/ 

LOCATION 

/2,  t 

HOLE 

DEPTH 

TECHNICIAN 

OATE  fif*r23/s6 

PROJECT 


Date 


Temp* 


Time 


Elapsed 

Time 


Rk 


-Rfr+  cm 


D 

m.m. 


Rh+mrcd 


w  % 


w  % 

Basis  Orig 
Sample 


Remarks 


E 


9:oa  At 


AO>; 


A  /~J 


//.e> 


A?'Q 


4c  -3 


<*>:  cri 


_ 


/;>-£> 


A  7 


JJ£ 
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Hydrometer  No.s 

w<fo  =4^"s^^Rh+  mrc<0- 

Meniscus  correction  =  cm  = _ 

Dispersing  agent  used 


and 


Graduate  No. 


(Rh+mt-  cd) 
and  _ 


_ respectively 

Amount _ 7 


- — 


Correction  for  change  in  density  of  liquid  due  to  addition  of  dispersing  agent  =  c^ 

c<j  =  and  _  respectively 

Specific  Gravity  of  Solids  =  Gs  2 _ 


Description  of  Sample 


Method  of  Preparation 


Remarks 


Initial  Moisture  Content 


Dry  Weight  of  Sample 


Container  No. _ r 

Wt.  Sample  Wet  +  Tare 
Wt-  Sample  Dry  +  Tare 
Wt-  Water _ _ 


Container  No. 


C-  5 


/J  A  -  7(o 


/og- 


/  2  7 .  4  -  - 


Wt.  Sample  (Wet/Dry)  +  Tare 
Tare  _ _ _ ±. 


2  o 


M: 


4  S'-  a 


Tare  Container _ 

Wt.  of  Dry  Soil  _ 

Initial  Moistur©  wT  fa 
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Wt-  (Wet/Dry)  Soil _ 

Dry  Weight  from  Initial 

k,  100  x  Wt-  Wet  Soil  _  ,4  5. 

Moisture-  ,00+  s nj t-  Moisf  %  — - 


. 


UNIVERSITY  of  ALBERTA 

DEP’T.  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

SIEVE  ANALYSIS 

PROJECT 

SITE 

SAMPLE 

LOCATION  C  o  P/T 

HOLE  DEPTH 

TECHNICIAN  DATE  Atfitl/SB 

Total  Dry  Weight 
of  Sample  .  . . . 

Sieve 

No. 

Size  of  Opening 

Weight 

Retained 

gms. 

Total  Wt. 

E i n e s  Thun 
g  ms. 

Percent 
Finer  Than 

%  Finer  Than 
Da^is  Oria. 
Sample 

Inches 

Mm. 

Initial  Dry  Weight 
Retained  No.  4 

^ 

. 

3" 

/oo 

1 

Wt.  Dry  T  Tare 

ty-i." 

2>/ 

Ta  re 

|/4" 

1910 

{,3 

j 

Wt.  Dr'v 

9-52 

4 

•185 

4-76 

3  / 

PeiMrm-q 

«* 

Initia  1  Dry  We i ght 
Passing  No*  4 

I  Tare  No 

10 

•079 
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/  7 

20 

•  0331 

840 
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Wt-  Dry  +  Tare 

40 
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6  0 
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Wt-  Dry 

100 
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i. 

1 

200 
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•074 

j 

Passing 

200 

6  3 

Description  of  Sample  JtL-r.iA* 
_  Wp  --  /_£_£ 

_ PC,  --  /{  S 

Q\JC  ff  -  /O 


Tim  »  of  S  levin  a 


Method  of  Preparation  -  Qfr  c/r/*</ 

-(?t/gr^yg  

Remarks  7>s/ 
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PROJECT  ^ 

SITE 
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LOCATION 

HO  LE 

DEPTH 

TECHNICIAN 

DATE 

Total  Dry  Weight 

Sieve 

Size  of  Opening 

Weight 

Retamed 

gms. 

Total  Wt. 
Finer  Than 
gms. 

Percent 
Finer  Than 

%  Finer  Than! 
3g£is  0/‘»  gJ 

sample  f 

of  Sample 

No. 

Inches 

Mm. 

Initial  Dry  Weight 
Retained  No.  4 

To  r  e  No. 
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W+-Ory  +  Tare 
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4 
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i 

Initial  Dry  Weight 
Passing  No-  4 

1  Tare  No- 

~i 

10 

•079 
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-2/ 

\ 

20 

•0331 

•840 

I 

Wt-  Dry  +  Tare 

40 

•0165 

•420 

// 

i 

Tare 

6  0 
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i 

Wt-  Dry 
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200 
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Passing 

200 
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r  3 SI 
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Total  Dry  Weight 
of  Sample . . .  ... 

Sieve 

No. 

Size  of  Opening 

Weight 
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gms. 

total' Wt- 
P  mer  Then 
gms. 
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Finer  ThGn 

%  Finer  Than 
Basis' Or ig. 
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M  m. 

Initial  Dry  Weight 
Ret  ained  No.  4 

Tare  No. 
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/  oo 

Wt-  Dry  +  Tare 
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34 

Tare 
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4 

•185 

4-76 
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S3 

!  Initial  Dry  We i ght 
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Total  Dry  Weight 

Sieve 

Size  of  Opening 

Weight , 
Retained 
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Total  Wt. 
Finer  Then 
gms. 
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%  Finer  Than 
Bd£is  O/ig. 
sample 

of  Sample 
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PROJECT 

SITE 
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DEPTH 

TECHNICIAN 
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Finer  Then 
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%  Finer  Than 
Ba£is  Orta. 
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Initial  Dry  Weight 
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Wt-  Dry  +  Tare 

/yz 

S3 

Tore 

3/4 

1910 

It 

Wt-  Drv 

v8 

9*52 

4 

•185 
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Total  Wt. 
Finer  Than 
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Description  of  Sample 
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Totol  Ory  Weight 
of  Sample 


Initial  Dry  Weight 
Retained  No.  4 
Tare  No.- - 


Wt-  Dry  +  Tare. 
Tare _ 
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N  o. 


Size  of  Opening 
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iner  Than 
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i  n  e  r 


on 
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e>o 


72. 


%  Finer  Than 

BaFis 


Wt-  Dry. 
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9-52 


•185 


4  76 
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37 


Initial  Dry  Weight 
Passing  No-4 
!  Tare  No- _ _ 


I  0 


079 
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/  e 


20 


0331 
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Wt-  Dry  +  Tare. 
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Total  Dry  Weight 
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Liner  Than 
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Initial  Dry  Weight 
Retained  No.  4 

Tare  No.- 
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•185 
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Wt-  Dry  +  Tare 

40 

•0165 

•420 

(Z. 
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Note;  M-i-T-  Grain  Size  Scale 
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PROJECT. 


SITE 
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Z  t  Zo  5 

LOCATION 

/e  Al*/P(3  RO  P,T 

HOLE 

DEPTH 

Total  Dry  Weight 
of  Sample.  .  . . 

Sieve 

No. 

Size  of  Opening 

Weight 

Retained 

gms. 

Total  \Vt- 
Finer  Tnan 
g  ms. 

Percent 
Finer  Than 

%Fin?:r  Than 
Ba,£is  Q/ig. 

Inches 

Mm. 

Initial  Dry  Weight 
Retained  No.  4 

Tore  No, 

3 

/&<=> 

Wt.  Drv  +  Tare 

93 

Tare 

3/4 

19-10 

74 

Wt-  Drv 

v8 

9-52 

4 

•185 

4-76 

| 

Passing 

4 

4  / 

Initial  Dry  Weight 
Passing  No- 4 

Tare  No 

10 

•079 

2-000 
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20 
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"  1 
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SITE 
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CGA  O  A3/  7 

HOLE 

DEPTH 

Total  Dry  Weight 
of  Sample 

Sieve 

No. 
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Inches 

Opening 

Mm. 

Weight , 
Retained 
gms. 

Total  Wt. 
Finer  Than 
gms. 

Percent 
Finer  Them 
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WmfrJ®- 

Initial  Dry  Weight 
Retained  No.  4 

Tore  No. 
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/©  © 
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3/4 
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10 

•079 

2-000 

2L  «T 

| 

20 

•  0331 

•840 

1 

k 

Wt-  Dry  -E  Tare 

40 

•0165 

•420 

/jr 

1 

Tare 

6  0 

•0097 

•250 

1 

Wt-  Dry 

100 

•0059 

•  149 

j 

200 

•0029 

•074 

\ 

Passing 

200 

,  ,  .  .. 

3S 

J 

aruk  q  Jif  *?*... 


j  Time  of  Sieving 


Remarks _ 3LSLay?/c.  f.f  A  .tzA _ ajL 

J/  (J  y ^  


Gravel  Sizes 


Sand  Sizes 


[Sii 


iOO 


2-  it  c  \  j  s*r  s* 


10 


20 


&  „  4V 


[00 


"X 

' 

] 

rn 

ELJ 

i 

:::: ^ 

il 

LL 

j 

N 

Dio  '■ 
Dec- 

cu  ~ 

mm 

mm- 

v 

l 

— 

\ 

i 

- a 

V 

V 
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X 

x^ 

j 

— X 

V 
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- 

\ 

X 

N 

v   

rr 

r 

! 

Li 

i|  I 

J 

i 

_ i _ 
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i 

i 

J  1 

1 

n — r 

1 

L 

!  1  r 

! 

1 

i_l_ 

.  . 

l 

80 

70 

» 

:60 


a>50 

c 

il 


40 


100 


10 

Grain 


Si  ze-Mrrv. 


l-O 


Note:  M  ST  Groin  Size  Scale 


1 


m&iLci 

SITE 

SAMPLE 

Z/4-7S 

LOCATION 

HOLE 

DEPTH 

UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 


Total  Dry  Weight 
of  Sample  

Sieve 

No. 

Size  of  Opening 

Weight 

Retained 

gms. 

Total  Wt 
Finer  Than 
gms. 

Percent 
Finer  Than 

1%  Finer  Than 
ad.bss  Grig. 
Sample 

Inches 

Mm. 

Initial  Dry  Weight 
Retained  No.  4 

Tore  No.  - 

k  i 

3 

/o  o 

Wt-  Dry  +  Tore 

f'/% 

88 

Tare 

3/4 

1910 

Wt.  Dr’v 

3/8 

9-52 

4 

•185 

4-76 

Passing 

4 

^3  3 

] 

Initial  Dry  Weight 
Passing  No-4 

Tare  No 

r 

10 

*079 

2-000 

z  e 

1 

20 

•033! 

•840 

jj 

Wt-  Dry  +  Tare 

40 

•0165 

•420 

/ 7 

t 

Tars 

60 

•00S7 

•250 

1 

Wt-  Dry 

100 

•0059 

•149 

1 

200 

•0029 

•074 

_ 1 

Passing 

200 

/©•  2 

1 

Description  of  Samj 

Die 

Method  of  Preparatio 

<■ 

- - 

n  -air'  dr/ec/ 

,  \ 

9  verve)* removed 

‘Yooveraj*  -  /4  ...... 

Remarks 

Time  of  Sieving 

~ 

Grave!  Sizes 


Sand  Sizes 


5“  2"  <4  1“  I  8  Si 


*20  *40  *60  *100  *200 


10 

Grain  Size- Mia, 


re  ST  */ 


UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PROJECT  [ 

SITE 

SAMPLE 

7'/  r  t ; '/-?  r  4  • 

LOCATION 

HOLE 

DEPTH 

TECHNICIAN 

DATE 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


X  / 


Container  No. 


L  7 


Y  bb 


64 


Wt-  Sample  Wet  t Tare 


-y  7  C 


oo 


74- 


5  zss 


'LL 


Ci 


16  9  f 


Wt-  Sample  Dry  -Mare 
Wt-  Water 


7  S  3S0: 


'6-04  7* 


79  /  TV-  / 


Tare  Container 


6 L-4obfi 


c  L  .  1  744- 


Wt-  of  Dry  Soil 


/ .  ->. 


7  9 


Moisture  Content  Xi/%  3?-/ 


$5 


PXIITT 


|  Average  Values 


.  *7 


'U/'p* - i- 

= _ 

^  * - 

it  = - 


Plastic  Limit 


Ini  jglJ  Njl 


;ontainer  No- 


Wt-  Sample  Wet+Tare 


Wt  Sample  Dry -flare 


[Wt-  Water 


[Tore  Container 


t  of  Dry  Soil 


iMoisture  Content  % 


/ 


li  z 


. 


'11,4. 


,4" 


JLLL. 


4:  -  ■ 


'■47/\ 


'(*■  1 


Shrinkage  Limit 


Trial  No 


Container  No- 


Ac 


w 


-4 


SI 


!Wt- Sample  Wet+Tare 


t  Wt-  Water 


j 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


Wt-  Sample  Dry  -1-Tare 


Tare  Container 


Wt-of  Dry  Soil  W< 


Moisture  Content^®/: 


Vol  •  Container 


Vol-  Dry  Soii  Pot  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


m  =  (?wr- *  10°) 


Description  of  Sample: 


v  — £ - — 


Remarks: 


. 


/2= 


53 


UNIVERSITY  of 

ALBERTA 

PROJECT 

1 

SITE 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE  -  ■’Vo 

P/ r  tf/JrL. 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

HOLE  

DEPTH 

— 

TECHNICIAN 

DATE  'rf*ry'/s# 

Liquid  Limit 


Trial  No- 


*4 


No-  of  Blows 


23 


25* 


/5T 


Container  No- 


V  3 


ft 


Y  6 


Wt-  Sample  Wet  t Tore 


/¥  en 


7-449  333 


■ :  0  8c 


74  '998/ 


3- 


Wt-  Sample  Dry  +  Tare 


1?  •  S  7  (o  • 


<5^ 


£3-  go^-8 


T2. 


?6-6*86 


Wt-  Water 


4oz  3 


■??&)<- 4 


4  /  7 


Tare  Container 


6-3- 


-  .4  .S' 


&’  P  ./  P 


Wt-  of  Dry  Soil 


/*: 


M oistu r e  C ontent  Tj/°/c 


f '  / 


L 


*4 


rzr 


-TT 

S: 

1+' 

I 

j— t— j — 

i  J 

H— 

— — 

M 

.  ... 

■ — J- 

_ 

Average  Values 

3^-  z 


-L/p5 - ^ 


Plastic  Limit 


IliSi±J±& 


;ontainer  No- 


Wt-  Sample  Wet+Tore 


tLC. 

!p  -  —44— 


Wt-  of  Dry  Soil 


I 


W 


Wt-  Sample  Pry-f-Tqre 


Wt  Wafer 


Tare  Container 


Moisture  Content 


77.4122. 


99 


yr 


c-f>  * 


/w 


S7; 


4  7-6/ $'o 


bc>  7)4 ol 


r  8  o< 


/i 


it  7  (fv<r 


Shrinkage  Limit 


Trial  No- 


Pt 


Container  No- 


H 


Wt- Sample  Wet  +  Tare 


Wt  Sample  Dry  -t-Tore 


lOMil 


Tare  Container 


Wt-of  Dry  Soil  Wc 


IP 


ut 


'Moisture  Content  -w0/,. 


Ui- 


Vol  •  Container 


Vol-  Dry  Soil  Pat  Vc 


tjjShrinkaqe  Vol-  V-Vo 


- 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


Shrinkage  Limit  V| 


2c/$  =  -a/v 


C^.ioo) 


Description  of  Sample: 

/oof~  tg  me  C./Q i*  c- 


Remarks; 


. 


■ 


rasr  w3 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PROJECT 

- T 

SITE 

SAMPLE -"Vo 

cieoM /?£>*&  P/r  MpTL. 

LOCATION  

HOLE 

DEPTH 

TECHNICIAN 

DATE  2^/Zs 

Liquid  Limit 


Trial  No. 


No.  of  Blows 


44 


4s 


4S 


/jr 


/4 


/S 


Container  No- 


v-j- 


I/- 7 


S-8 


V-  9 


Wt-  Sample  Wet  tTore 


1Z  9z  92 


74 -54 Zb 


78/473 


7286ZZ 


89-  4 So  7 


Wt-  Sample  Dry  -1-Tare 


7 o  . /88S 


7 /97S4 


is -4/  b; 


69-6420 


06  4036 


Wt-  Water 


2-  14o7 


2- *6,74 


2SS08 


211/7 


3  0/97 


2- 931/ 


Tare  Container 


6$.  oo/e? 


60.2293 


76  - 7 36 Z 


69  /27t> 


62-8734 


79 -S 444 


Wt-  of  Dry  Soil 


1-/870 


6  74b/ 


6  -7oo4 


6-2880 


6  -9b4/ 


6  -9/  94 


Moisture  Content 'W% 


38-Z 


38/ 


43-4 


43-3 


44 


43 


U 


41 


\4o 


39 


v 


% 


Average  Values 

40-g, 


v;’ 


ivj ?  240  ■ 


V.  = 


V 


b  * 
it* 


Plastic  Limit 


IrJLILLJlQ.: 


Container  No- 


Wt-  Sample  WettTore 


Wt-  Sample  Dry -f Tare 


Wt  Water 


Tore  Container 


Wt-  of  Dry  Soil 


Moisture  Content  % 


&JL 


74-  7742 


13.  9 MS 


0-64-07 


1/-33S9 


2-S976 


24. 7 


V-/9 


%0S9S7 


19-  7/o3 


0-SSS4 


7 S -7 61 3 


3-945o 


22- S 


V'Zo 


66-/Q  S8 


67-S994 


o-So64 


60S  7/7 


2-0263 


24 


{44 


o  <Ht. 


Shrinkage  Limit 


Trial  No 


Container  No 


Wt-Sample  Wet+Tare 


Wt  Sample  Dry  -t-Tore 


Wt  Water 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  w9/c 


Vo  I  •  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


m  =  (? sr- x  ,0°) 


Description  of  Sample: 


‘2?£d±4  >~n 


±4_ 22L 


/o  7o 


7  8 


9  10  15  20  25  30 

Number  of  Blows 


40 


Remarks: 


Test  *4 


i>5 


UNIVERSITY  of 

ALBERTA 

PROJECT  

SITE 

DEP’T  of  CIVIL 

ENGINEERING 

SAMPLE  -m4o 

C D  Pf  -r 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

HOLE 

DEPTH 

TECHNICIAN 

DATE  Ao<»  «s/srs 

Liquid  Limit 


Trial  No 


Co 


No-  of  Blows 


A3l 


4-o 


4/ 


/s 


/ST 


St? 


Container  No- 


YU 


Y /y 


Y  7  fa 


Yf7 


/2o 


✓  2  f 


Wt-  Sample  Wet  +Tare 


78-US 


1Z^2L 


62.022. 


93-  z  8z 


2dJS3£L 


8S:  fai 


Wt-  Sample  Dry  TTare 


IS -04-7 


L?:769 


U-741 


+>0-/2*- 


7A  37  Z. 


tUL-JAL 


Wt-  Water 


3-se/ 


2-  fa's  fa 


2  •  -3S2 


3/fao 


2-4L3 


d&BL 


Tare  Container 


LS-.832 


A2.22L 


fat  ■  62  0 


gjJdR 


6>S--S  7/ 


72  8/0 


Wt- of  Dry  Soil 


9-20°, 


A£2L 


C-127 


2.472 


S-  Sol 


0  91 S 


Moisture  Content  t^A 


38-9 


30. S 


38-4 


^•3 


42S 


42  7 


44 


43 


c 

<u 

o 

o 

4 1 


v>40 

o 

5 

S3 


3*7 


-44- 

EE 


5 


©N 


Average  Values 


Wp=  —4J2L 

= - 

Ip 


i££. 


Wt-  Sample  Wet+Tore 


^  * 
i»  = 


Wt-  of  Dry  Soil 


-H 


SSSSiS!!!!!!!! 


Plastic  Limit 


XriflJ— N.S.: 


Container  No- 


Wt-  Sample  Dry  flare 


Wt-  Water 


Tare  Container 


Moisture  Content 


/ 


V24 


££ML 


8  3-Sol 


[■300 


77800 


-SJ31 


23-1 


^5* 


jSSJIL 


L±o&- 


E±H2L 


4-*S4 


X3  fa 


d. 


V2fa 


18-en/ 


7 1-3/6 


.L<>*3 


73.5U 


4  4o4 


23-  2* 


Z3-^&2 


Shrinkage  Limit 


Trial  No 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


Container  No 


Wt-  Sample  Wet+Tq r e 


Wt  Sample  Dry  +Tore 


m-mts-L 


Tare  Container 


Wt-of  Dry  Soil  W< 


Moisture  Content  *ur% 


Vo  I  -  Container. 


Vol-  Dry  Soil  Pet  V© 


Shrinkage  VoS-  V-V© 


Shrinkage  Limit 


lSs  ~  *W~- 


Description  of  Sample: 


Sqy^oU  A  [I guild _ is _ _ UiiL.- 

vi.'h  IXb.U,.  C  ^  'VVA  A  ~’i_ L22..2U2. 


L 


-kk< 


ul  I  vV-E>T  - 


Remarks: 


7>sr  "S' 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PROJECT 


SITE 


SAMPLE  3 -  S').  -f-  7% 


LOCATION  <5V  oat 


HOLE 


TECHNICIAN 


DEPTH 


DATE  Au6/97sq 


Liquid  Limit 


Trial  No. 


No.  of  Blows 


31 


3/ 


3Z 


/£> 


A* 


Container  No- 


A6 


A  7 


A6 


AS 


V3 


A  /o 


Wt-  Sample  Wet  t  Tare 


IS-  o/S 


JJ  3^ 


7/V40 


71-&99 


5/  234 


Wt-  Sample  Dry  -Hare 


11-321 


78  9SZ 


73-411 


Wt-  Water 


1S-S81 


3 -o°>4 


4-.  443 


8  7-  74& 


jJall 


94-  S1 1 


Tore  Container 


AJlSL 


z$£> 


C,  3 .333 


Wt-  of  Dry  Soil 


8.  2.  fy. 


A2-.il  9. 


&£>-/49 


JLUL 


tZ  lb<e 


?e>  S  4B 


&3-4Z  3 


/o  .03  Z. 


3.4  33 


8  4  q<d 


lx-3<$4 


Moisture  Content  *11/% 


ili 


3(p  & 


C 

*4o 

o 

O 


o 

2 


*7 


3b 


.33  4 


334 


8  *>•  3 


Average  Values 


Ur^= 
'USp* 
7crs  = 

V 

k 8 

It5. 


37  4 

33  S 


JL2- 


Wt-  of  Dry  Soil 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry -t-Tare 


Wt  Water 


Tare  Container 


Moisture  Content 


A 


A  /6> 


7  7-  Sop 


1L.117 


/ 143 


7oC3S 


S.!  Z  Z 


34.0 


A  /7 


izibZ 


7/-4/t> 


J-3S.I 


L2A&2. 


4.017 


v/3 


ALlll 


/■S2& 


7/  3  U 


4-C>5\ 


32-8 


Shrinkage  Limit 


Trial  No 


Container  No 


Wt-Sample  Wet-t-Tare 


Wt  Sample  Dry  -I- Tare 


WJLWMtL 


Tare  Container 


Wt-of  Dry  Soil  Wc 


Moisture  Content  -ur7c 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vc 


Shrinkage  Voi-  V-Vo 


Shrinkage  Limit  "u/g 


M  =  ^"C^r-xl°o) 


Description  of  Sample: 


Remarks:  T/?d.  uj  <-?  ^  *}/xe3 

<L2<£ &//&  ul.JL.A  ...  ..7j£.. . /3  3*4-'J.Z 


,'770/C’Z- 


4 


bz/vrz- .A?.  A  A 


33. 


67 


UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


EBfl4E£I 


SITE 

/ 7/<S*  E#JFL.Y'  C BAf&A/T^ 

SAMPLE 

$7*  8r  of' 

LOCATION 

C  Fa  uo^o  FO  —  *40  M*  TL  ■ 

HOLE 

DEPTH 

TECHNICIAN 


DATE  Aqg  iz/frg 


Liquid  Limit 


Trial  No- 


No.  of  Blows 


JS 


37 


36 


/ 


/S 


Container  No- 


A  6 


A  7 


A8 


VI/ 


V2  4- 


Y2  6 


Wt-  Sample  Wet  +  Tare 


8o-  4o8 


87-2/3 


&L4££- 


9o-//6 


Wt-  Sample  Dry  -t-Tore 


7S-SS4 


77-/0^ 


77.  -do 


So • Z 57 


86-457 


37-  So  3 


Wt-  Water 


4- 


4  //o 


3  S3  o 


3.  /  96 


3.664 


5.864 


Tare  Container 


65-2  93 


66  -136 


63-3/0 


1  7-  88 L 


ILHJL 


Wt-  of  Dry  Soil 


/2-/S'6> 


&  iH 


47 1 


gjrzL 


S-’S'So 


Moisture  Content  "Urti 


3  - 


32-3. 


4o lA 


41-fi 


7 


43-  o 


Average  Values 


‘UV 

i»/p* 

b  * 
if. 


4~l-  6 


3<S 


Wt-  of  Dry  Soil 


Plastic  Limit 


IlLq.LNQ: 


Container  N o- 


Wt-  Sample  WetfTore 


Wt-  Sample  Dry TTare 


Wt-  Water 


Tare  Container 


Moisture  Content  %|  53./  52-6 


jL 


Y  !  9 


BS-  837 


6b-l2L 


2 -So/ 


1S3J& 


VIA 


1±32L 


2L±M. 


7-749 


U-2S9 


SJM. 


V7 


7S3  96 


7J.&8  o 


/•  S/6 


&^./5o 


4-7  Sb 


3  7-9 


32- 


Shrinkage  Limit 


Trial  No 


Container  No 


Wt-Somole  Wet+Tare 


*• 

o 

O 

41 


7r>4( 

o 

2 

4o 


33 


% 


Wt  Sample  Dry  H-Tare 


W.t:-Wfli£L 


Tare  Container 


Wt-of  Dry  Soil  W< 


Moisture  Content  w7c 


Vol  ■  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  V? 


l0°) 


Description  of  Sample- 


Re  m  a  r  k  s = 


<£. 


<7//o  ^ <-/ ti  djJtsgsL  L2. 


±L 


/>rs.  £ 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


7~ttT  *7 


■4nS 


UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PBQ-sLE.P.1 


SITE 


£/*Fi.r  £7 


SAMPLE  3y  Wctonr 


LOCATION-,.  dSLAWrosZ£>  7V4o 


3d£tLL. 


DEPTH 


TECHNICIAN 


DATE Au6'-‘ 


Liquid  Limit 


Trial  No- 


No.  of  Blows 


33 


33 


UL 


/b 


/  7 


/6 


Container  No. 


\J  7>4 


\/G3 


7b  Z 


A3 


A* 


A  ( 


Wt-  Sample  Wet  t  Tare 


l%o  S3 


8v-2S3 


74  847 


87  see 


7 


74 


Wt-  Sample  Dry  +  Tare 


IS-  49$ 


7G-2So 


lz  Of/ 


PS  -  3  S3 


7 S'-  S~ ao 


y/  2.  es' 


Wt-  Water 


sLSJl?- 


4-  oe>3 


83b 


3-027 


3o/7 


8o 


Tare  Container 


MlJ2£. 


ili <£L 


£2J2£± 


7/- 


&8-47S’ 


63  -6  3S 


Wt-  of  Dry  Soil 


AlZLI. 


9-843 


G  -9S* 


7.04/ 


7.02  s 


7747 


Moisture  Content  T//%  4c-S 


4o-7 


4o-S 


43-Q 


4-p-  3 


4*?-  7> 


Average  Values 


^-..ZLl.Z. 


Plastic  Limit 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry -t Tare 


Ip  = 


-6 


wt-  Water 


Tare  Container 


^  * 
it* 


t-  of  Dry  Soil 


[M o i sture  Content % 


jL 


V  7o 


83-  788 


IZJ21 


7-339 


BPJS2. 


S'-(o4Z 


3S.3 


VG9 


79-477 


76-Bsf 


Z-G.Z7 


7  9-387 


7-414 


3S./ 


A  PS 


73  8  34 


7 i  32  o 


7-934 


77-293 


A2-G2'- 


34-4 


34. 


Shrinkage  Limit 


nUITIT 


Trial  No 


Container  No 


|Wt- Sample  WetH-Tore 


jWt  Sample  Dry  4- Tare 


M-W-filei- 


Tore  Container 


ft 


JWt- of  Dry  Soil  Wo 


Vo  I  -  Container 


Voi-  Dry  Soil  Pat  Vo 


Moisture  Content  vs% 


A3 

«> 


HI 


AZ 


A  I 


Ao 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  ^4$ 
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DEGREE  OF  SATURATION  AND  INITIAL  VOID  RATIO 
FOR  TYPICAL  TEST  SPECIMENS 


Native  Gravel 
(Test  #4) 

Initial  Void  Ratio  =  e  =  1.0421  G  62.4  -  1  (  where  G  =  specific  gravity  of  mixture) 

121 

=  1.0421  (2.68)  62.4  -  1 
121 

=  0.439 

Degree  of  Saturation  =  S  =  0.0421  (2.68)  =  25% 

0.439 

These  calculations  were  carried  out  for  typical  tests  in  the  other  test  series  run. 
The  values  found  are  shown  below . 
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PROJECT 

SITE 
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HOLE  DEPTH 

TECHNICIAN . . . DATE  Au*  8/se 

Machine  Data:- 

Description  of  Sample. 

Machine  No.  _  TO. 

%  QotCfcMMB  AMO 

MultiDlication  Factor  / 

7.0g>*l/6BQ  V  1-0^  By  T 

Wt- Loading  Block -+•  Piston  (gms.) . ...  Z/kc,*, 

l.  0  F  C RA\PFO&Q 

SPECIMEN  DATA 

Specimen  Number  1  2  3  4  5  6 
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&•  3  o 
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24-6, 
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Dry  Unit  Weight 


Ibs/CU-ft- 
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UNIVERSITY  of  ALBERTA 
DEPT  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 


SITE  

SAMPLE 

r 

LOCATION 

ROLE 

PEP-ILL.. 

PROJECT 


iE.cmicjAn 


DATE  AQ6  ft  tee 


Machine  Data:- 

Machine  No- _ 


To. 


Description  of  Sample  • 


3  AfOo 


Multiplication  Factor _ _ 

Wt.  Loading  Block  h- Piston  (gms). 


zo\  *  OSBO'  lor/»  S''"  Wa/c?/-t? 

l  of  /  kg  iv,g^g,r>  cr&Avfi. 


SPECIMEN 
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PROJECT. 


£il£ 


SAMPLE 


LOCATION 


MOLE. 


DEPTH 


TECHNICIAN 


DATE.^<Lg/£g. 


Machine  Data:-- 

Machine  No- _ 


\o 


Description  of  Sample • _ 

3  S  ^>  CoiCvt:uM(?  AtJP 


Multiplication  Factor  _ 

Wt- Loading  Block  -+*  Piston  (gms). 


\oo 
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Lateral  Pressure  {am  ) 

&■  *33 

Length  inches 

21-8 

Area  sgcms. 

T4A 

Volume  c-c-s-  (4  " 
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Degree  of  saturation 

- 

Load 

on 

Pan 

Dial 

Rdg 
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DEPT  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 

.  -  _  -.  ~  — .  . . 4 4LO 

PROJECT  A  ' 

SITE 

SAMPLE  Ttor  *Z3 

LOCATION 

HOLE  DEPTH 

TECHNICIAN  . ..  . . . .  DATE 

Machine  Data:- 

Description  of  Sample. 

Machine  No.  T# 

C'3-SPo  &UICKU/M&  A.NO 

Multiplication  Factor  / 

2Z4  * V./4T  fin  J  7c?,  fru  ^AaH  6r  We,&«T 

Wt.  Loading  Block  4-  Piston  (gms.)  216$** 

L  of  Ge4\f&L- 

SPECIMEN 


DATA 


Specimen  Number 


Loterol  Pressure  (<H#  ) 


a  I'm  03 


o-  03 


Length 


inches 


24  ZS 


Area 


sq.  cms. 
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c-  c-  s- 


f** 


/■b/S 
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Ibs/cuft-  7  Jr 


y- 


/  /  9-1 
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Wt-  Tare  •»  Soil  +•  Water  at  start 


Wt  Tor  e  +  Soil±W  a  ter  at  end 


2439b 


Wt-  Tare  4-  Soil 


21Zob 


Number  and  weight  of  Tare 


23  36 


Wt-  Soil 


2.0&10 
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Test 


Weight  of  water 


Moisture  content 


Degree  of  saturation 
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Test 
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UNIVERSITY  of  ALBERTA 
DEPT  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 


PROJECT 


SITEL 


SAMPLE. 


7~2i'3  T  *Z4 


LOCATION 


HOLE 


IE.CH NLC.IAN.. 


DEPTH 

date  A**  »*7sg 


Mochine  Data:- 

Machine  No- _ 


\  .  o. 


Description  of  Sample  • _ 

SfOlCtCUtKiC  4^0 


Multiplication  Factor _ _ 

Wt- Loading  Block  +  Piston  (gms). 


2oi'5"\tes£>  x  4  o  Fi.yAs#  By  wb/ght 


3 


0*  C  rAiOFo/ZC?  C?XA\/Eru 


SPECIMEN 


DATA 


Specimen  Number 

1 

2 

3 

4 

5 

6 

Lateral  Pressure  (97H  )  o-hmo'b. 

O- 3  o 

Length  inches 

9 

Area  sq.cms. 

74Z 

Volume  ccs. 

/■5°> 

Dry  Unit  Weight  Ibs/cu-ft-  YV/v 

120  2. 

Gs=  •  Vol  u  m  e  Soil  Solids 

/2&-S 

Wt-  Tare  +  Soil  ■+•  Water  at  start 

Wt-  Tare  +  Soil  +  Water  at  end  <****<> 

Wt.  Tare  +  Soil 

781/ 

Number  and  weight  of  Tare 

134 

Wt-  Soil 

lo-n 

Before 

Test 

Weight  of  water 

Moisture  content 

Degree  of  saturation 

After 

Test 

Wejgbt  of  water 

3  S8 

Moisture  content  tyo 

S.4-9 

Degree  of  saturation 

| 

UNIVERSITY  of  ALBERTA 

DEPT  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 

PROJECT  AU  . 

SITE 

SAMPLE  - .  *ZS 

LOCATION 

HOLE   DEPTH 

■IEQH.NIQ.LAN_ DATE 

Machine  Data:- 

Description  of  Sample; 

Machine  No 
Mult  i  pi  i  cat  i 
Wt.  Loading 

l -0 

'  2  %  Q  U!  CtCU  ! /*■-?&  /)  too 

on  Factor  '  ■ 

202-  Pt-YAS//  6' 

Block -+- Piston  (gms.)  ^ 
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SPECIMEN  DATA 
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5 

6 
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DEPT  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

TRI-AXIAL  COMPRESSION 


ME 

SAMPLE 

T£*t  *Zb 

LOCATION 

H.QLE 

DEPTH .  

PROJECT 


TECHNICIAN 


Machine  Dota:- 

Machine  No- _ 


Description  of  Sample 


2%  QvJic.ku*4E  A-.qd 


Multiplication  Factor _ 

Wt- Loading  Block  -h  Piston  (gms). 


Zo*  -<  By  U)£/6^r 

L  OF-  (j^/Xvec. 


SPECIMEN 


DATA 


Specimen  Number 


Lateral  Pressure  Krtt  ) 


ojynoS  ■ 


Length 


inches 


24  o 


Area 


sq.  cms- 


2£ L. 


Volume 


c  c-  s. 


I-S9S 


Dry  Unit  Weight 


Ibs/cu-ft- 


jLizx. 


/2/.0 


0sz 


Volume  Soil  Solids 
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IZ7-0 
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Wt-  Tare  +  Soil  +  Water  at  end 
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Wt<  Tore  +  Soil 


Number  and  weight  of  Tare 


M2 


Wt-  Soil 
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Test 
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Moisture  content 


Degree  of  saturation 


After 

Test 
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